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In presenting this book to the public the writer desires to say that, 
having in view the great importance of thorough work in land 
draining, and believing it advisable to avoid every thing which 
might be construed into an approval of half-way measures* he 
has purposely taken the most radical view of the whole ^ubjecl, 
and has endeavored to emphasize the necessity for the utmost 
ihoroughness in all draining operations, from the first staking of 
the lines to the final filling-in of the ditches. 

That it is sometimes necessary, because of limited means, 
or limited time, or for other good reasons, to drain partially or 
imperfectly, or wilh a view only to temporary results, is freely 
acknowledged. In these cases ihe occasion for less compleleness 
in the work must determine the extent to which the directions 
herein laid down arc to be disregarded; but it is believed that, 
even in such cases, the principles on which those direclions are 
founded should be always borne in mind. 

Newport, R.L, IS67. 
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CHAPTER I. - LAND TO BE 
DRAINED AND THE REASONS 

WHY. 



Land which requires draining hangs out a sign of its condition^ 
more or less clear, according to its ciicunislances, but always 
unmistakable to Ihe practiced eye. Sometimes it is the broiid 
banner of standing water» or dark, wet streaks in plowed land, 
when all should be dry and of even color; somelimes only a 
flutlering rag of dislress in curling corn, or wide-crack in g clay, 
or feeble, spindling, shivering grain» which has survived a pre- 
carious winter, on Ihe ice-slills that have stretched its crown 
above a wet soil; sometimes the quaranline flag of rank growth 
and dank miasmatic fogs. 

To recognize ihese indications is the first office of the drainer; 
the second, to remove the causes from which they arise. 

If a rule could be adopled which would cover the varied cir- 
cumslances of differeni soils, it would be somewhal as follows: 
All lands« of whalever lexture or kind, in which ihe spaces 
between ihe paiiides of soil are filled with waler, (whether from 
rain or from springs,) within less than four feet of Ihe surface 
of the ground, excepi during and iininedialety after heavy rains, 
require draining. 

Of course, Ihe paitides of the soil cannot be made dry, nor 
should they be; bul, although ihey should be moist themselves, 
they should be surrounded wilh air, not wilh waler. To illuslrate 
this: suppose ihal water be poured inio a barrel filled wilh chips 
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of wood unlil it runs over ill ihe top. The spaces belween ihe 
poB] chips will be filled with wiiter, and Ihe chips themselves will 

absorb enough to become thoroughly wel; — this represenis Ihe 
wor^l condition of a wet soil. If an opening be made al Ihe 
boltoni of Ihe barrel, the waler which fills Ihe spaces between ihe 
chips will be drawn off» and lis place will be laken by iiir, while 
the chips themselves will remain wet from the water which they 
hold by absorption. A drain al ihe bottom of a wet field draws 
away the waler from the free spaces between its particles, and its 
place is laken by air, while the particles hold, by attraction, the 
moislure necessary to a healthy condition of Ihe soil. 

There are vast areas of land in this country which do not 
need draining. The whole range of sands, gravels, light loams 
and moulds allow waler to pass freely through them, and are 
sufficiently drained by nature, provided, they are as open at the 
bottom as throughout Ihe mass. A sieve filled with gravel will 
drain perfectly; a basin filled with the same gravel will not drain 
at alf More than this, a sieve filled with the stiffest clay, if not 
"puddled,"' will drain completely, and so will heavy clay soils on 
porous and well drained subsoils. Money expended in draining 
such lands as do not require Ihe operation is, of course, wasted; 
[0091 and when there is doubt as to the requirement, tests should be 

made before the outlay for so costly work is encountered. 

There is, on the other hand, much land which only by thorough - 



— PiiddUng i& ihc kncadmg or rubbing of cia^ wuh water, a process by 
which il becomes ainio'vl impervious, rclaimng ihis properly uriril ihoroLighly 
dncd, when il^ clos^ union ls broken by ihc shrinking of Lis pjris. PLiddled 
clay remaiii'v impervious as long as tl ls saruraled *nh waler, and il does no! 
entirely lose ihis quality iirilil il has been pulverized in a dry stale. 

A small propoMion of clay is stiff icieal to mjjre Ihc porotisness of the soil 
by puddling. — A cliiy subsoil is puddled by being plowed over when loo wet, 
and ihc injury is of considerable duration. Rain \valer collected in holfo\vs of 
5liff liind. by the simple movemenl given [t by ihe wind, so puddles ihe surface 
rhai 11 holds ihe waler while rhe adjaceni soil is dry and porous. 

The lerm puddling will oflen be used in ihis work, and ihe reader will 
understand, from ihis explanalion, ihe meaning with which il is employed. 



driiining can be rendered profitable for cultivation* or heallhful 
for residence, and very much more, described as "ordinarily dry 
land," which draining would greatly improve in bolh productive 
value and siilubrily. 

The Surface Indications of the necessity for draining are 
various. Those of actual swainps need no description; those of 
land in cultivation are more or less evideni al different seasons, 
and require more or less care in their examiniilion, according to 
the circumstances under which they are manifesled. 

If a plowed field show, over a part or the whole of ils surface, 
a constant appearance of dampness, indicating that, as fast as 
water is dried out from its upper pails, more is forced up from 
below, so ihat after a rain it is much longer Ihan olher lands 
in assuming Ihe lighl color of dry earlh, il unmislakably needs 
draining. 

A pit, sunk to the depth of three or four feet in the earth, may 
colled water al ils boltom, shortly after a rain; — this is a sure 
sign of Ihe need of draining. 

All tests of the condition of land as lo water, — such as irial 
pits, elc, — should be made, when praclicable, during the wet 
spring wealher, or al a time when Ihe springs and brooks are 
rnnning full. If Ihere be much water in the soil, even at such 
times, il needs draining. 

Tf the waler of heavy rains stands for some time on the surface, 
or if waler collects in the furrow while plowing, draining is 
necessary lo bring Ihe land lo its full fertilily. 

Other indications may be observed in dry wealher; — wide 
cracks in the soil are caused by Ihe drying of clays, which, by 
previous soaking, have been pasled logelher; the curling of corn 
often indicates ihal in its early growth il has been prevented, by a 
wet subsoil, from sending down its roots below the reach of the 
sun's heat, where it would find, even in ihedryesi weather, suffi- inioj 
cient moisture for a healthy growth; any j*'w^ ;■ effecl of drought, 
excepi on poor sands and gravels, may be presumed lo result 
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from the 5ame cau5e; and n cerliiin wiiyness of grass, rogelher 
ivilh a mossy or niouldy iippearance of The ground, also indicyle 
excessive moisture during some period of growth. The effecis of 
drought are, of course, somelimes manifested on soils which do 
no! require draining, — such as those poor gravels, which, from 
sheer poverty, do nol enable planis to form vigorous and pene- 
trating roots; but any soil of ordinary richness, which contains 
a fair amouni of clay, will withstand even a severe drought, 
without greal injury to its crop, if it is thoroughly drained, and is 
kept loose al its surface. 

Poor crops are, when the cultivation of the soil is reasonably 
good, caused either by inherent poverty of the land, or by too 
greal moislure during ihe season of eaily growlh. Which of ihese 
causes has operaled in a parlicular case may be easily known. 
Manure will correct the difficulty in the former case, bill in ihe 
latler there is no real remedy short of such a systeni of drainage 
as will thoroiighlv relieve the soil of ils surplus waler. 

The Sources of the Water in Ihe soil are various. Either it 
falls direclly upon the land as rain; rises into it from underlying 
springs; or reaches il Ihrough, or over, adjaceni land. 

The rain wafer belongs to Ihe field on which it falls, and it 
would be ',m advantage if il could all be made to pass down 
Ihrough the first three or four feet of the soil, and be removed 
from below. Every drop of it is freighted wilh fertilizing matlers 
washed oul from the air, and in lis descent through the ground, 
these are given up for ihe use of planis; and il performs olher 
imporlant work among the vegetable and mineral parts of Ihe 
soiL 
pi I] The spring walei does nol belong lo the field, — not a drop of 

il, — and it ought not lo be allowed to show itself within Ihe reach 
of the roots of ordinary plants. It has fallen on other land, and, 
presumably, has Ihere done its appointed work, and ought not lo 
be allowed lo converl our soil inio a mere oiillet passage for lis 
removal. 



The DQze water^ — Ihat which soaks oiil from adjoining 
land, — is subject to all The objeclions which hold against spring 

wiitei", and should be rigidly excluded. 

But the suiface wa^*';" which comes over the surface of higher 
ground in Ihe vicinily, should be allowed every opportunity, 
which IS consistenl wilh good husbandry, to work its slow course 
over our soil, — not to run in such streams as wilf cut away the 
surface, nor in such quantities as lo make the ground inconve- 
niently wet, bill lo spread itself in beneficent irrigalion, and to 
deposit the ferlilizing malters which il contains, then to descend 
through a well-drained subsoil, to a free oullet 

From whalever source Ihe waler comes, il cannot remain 
stagnani in any soil wilhout permaneni injury lo it^ fertilily. 

The Objeclion to loo much Water in Ihe Soil will be 
understood from the following explanation of the process of 
germination, (sprouting,) and growth. Olher grave reasons why 
it is injurious will be Irealed in iheir proper order. 

The firsi growth of ihe embryo plant, (in the seed,) is merely 
a change of form and position of the material which the seed 
itself contains. [I requires none of the elements of the soil, and 
would, under the sanie conditions, lake place as well in moist 
saw-dust as in the richest mold. The conditions required are, 
the exclusion of light; a certain degree of heat; and the presence 
of atmospheric air, and moisture. Any material which, without 
entirely excluding the air, will shade the seed from the light, yield 
the necessary amount of moisture, and allow the accumulation of 
the requisite heat, will favor the chemical changes which, under iiiiii 
these circumstances, take place in Ihe living seed. In proportion 
as the heat is reduced by the chilling effect of evaporation, and 
as atmospheric air is excluded, will the germination of the seed 
be retaided; and, in case of complete saturation for a long time, 
absolute decay will ensue, and the germ will die. 

The accompanying illustrations, (Figures I, 2 and 3,) from the 
"Minutes of Information" on Drainage, submitted by the General 
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Boiiid of Health lo Ihe British ParliamenI in 1852, represent Ihe 
differeni condilions of ihe soil iis lo moisture, and Ihe effect of 
these condilions on the germination of seeds. The figures iire thus 
explained by Dr. Madden, from whose lecture they are taken: 

"Soil, ei'ianiined mechanically, is found to consist entirely 
of parlicles of all shapes and sizes, from stones and pebbles 
down to the finesi powder; and, on account of their exireme 
irregularity of shape, ihey cannot lie so close to one another 
as to prevent (here being passages belween them, owing to 
which circumslance soil in Ihe mass is always more or less 
porous. If, however, we proceed lo examine one of the 
smallest parlicles of which soil is made up, we shall find thai 
even this is not atways solid, but is much more frequenlly 
porous, like soil in the mass. A considerable proportion of 
this finely -divided part of soil, Ihe uufKifptsbfc malic ry as il is 
generally called, is found, by the aid of the microscope, to 
consisi o{ broken down vegetable lisaie^ so thai when a small 
portion of Ihe finesI dust from a garden or field is placed 
under the microscope, we have exhibiled to lis parlicles of 
eveiy variety of sliapeand strnclure, of which a certain part is 
evidently of vegelable origin. 




Fig. 1 -ADRYSOIL. 



"[n these figures I have given d very rude represenlah on of 
ihe^e particles, and [ musi beg you particularly lo rememt'er 
thai: they are not meant to represent bv any means accuralelv 
vjhal the microscojie ei'ihibits, bm are only designed lo serve [nui 

as a plan by which to illustrale the mechanical properties of 
ihe soil. On referring lo Fig. I, we perceive ihat (here are ivno 
disdnci clashes of pores, — firsl, Ihe large ones, which exisi 
beli^^een the parhc]e5 of t»oil, and secoiid, Ihe verv minule 
ones, which occur in ihe particles themselves; and vou will at 
Ihe same time notice thai, whereas all [he larger I'lores, — ihose 
between tiie particles of soil, — communicate mosi freeiy with 
each other, so thai they form ciinals, the Jiniall pores, however 
freely they may communicate with one another in the interior 
of the particle in which Ihey occur, have no direct connection 
with the pores of the surrounding particles. Let us now, 
therefore, trace the effect of this arrangement. In Fig. 1 we 
perceive that Ihe^e canals and pores are all empty, the soil 
being ^'fr/ff/^v d'y\ and Ihe canals communicating freely at 
Ihe surface with the surrounding atmosphere, the whole will 
of course be filled wilh air. If in this condition a seed be 
placed in the soil, al n, you at once perceive that it is freely 
supplied with air, hiil Ihert jj iu> mniiliire, therefore, when 
soil IS fjerfeclly diy, a seed cannot grow. 




Fig. 2-AWETSOIL. 
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"Let us turn oiii" allentiou now to Fig. 2. Here we pei"ceive 
thalbolli ihepoies and canals are no loiigei" represented white* 
buf btack, Ihis color being used to indicate water; in this 
inslance, Iherefore, waler has laken tlie place of ^ir, or, in 
olher words, Ihe soil is very ii'cf If we obsei"ve our seed 
a now, we find it abundantly supplied with water, but no 
air. Here again, therefore, gennination cannot t^ke place. It 
may be well to slate lieie ih^t tliis can never occur exiicify 
111 nature, because, w^ter hating the power of dissolving air 
to a ceit^m extent, the seed a in Fig. 2 is, in fact, supplied 
w]Xh 3. ctrlairi amount of this necessary substance; ^nd, owing 
to this, germination does take place, although bv no means 
under such advantageous circumstances as it would were the 
soil in a better condition. 
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Fig. 3 - A DRAINED SOIL. 



"We pass on now to Fig. 3. Here we find a different state 
of matters. The canals are open and freely supplied with air, 
while the pores are filled with water; and, consequently, you 
perceive that, while the seed a has quite enough of air from 
the canals, it can never be without moisture, as every particle 
of soil which touches it is well supplied with ihis necessary 
ingredient. This, then, is the proper condition of soil for 
germination, and in fact for every period of the plant's devel- 
opment; and this condition occurs when the soil is im>hl, but 
not wely — that is to say, when it has the color and appearance 



of being well walered, bur ^^hen ir is still capable of being 
crumbled to pieces by Ihe hands, withoiil any of ils parlicles 
adhering together in Ihe ^miliar foira of mud." 

As planis grow under the siime condilions, as lo soil, thai are 
necessary for ihe gerniinalion of seeds, Ihe foregoing explanalion 
of Ihe relation of waler to Ihe panicles of the soil is perfeclly 
applicable to the whole period of vegetable growth. The soil, to 
the entire depth occupied by rools, which, with most cultivated 
plants IS, in drained land, from iwo to four feet, or even more, 
should be maintained, as nearly as possible, in Ihe condition 
represented in Fig. 3, — that is, the particles of soil should hold 
water by attraction, iabsorplion,) and the spaces between the 
particles should be filled with air. Soils which require drainage 
are not in this condition. When they are not saturated with water, 
they are generally dried into lumps and clods, which are almost 
as impenetrable by rools as so many slones. The moi^lure which 
Ihese clods contain is not available lo plants, and their surfaces 
are liable lo be dried by ihe too free circulalion of air among 
the wide fissures between them. [I is also worlhy of incidental 
remark, that Ihe cracking of heavy soils, shrinking by drought, is 
atlended by the learing asunder of Ihe smaller rools which may 
have penetrated them. 

The Injurious Effects of Standing Water hi the Suhsoil 
may be besi explained in conneclion with the description of a 
soil which needs under -draining. It would be tedious, and su- 
perfluous, to attempt lo detail the various geological formations 
and conditions which make the soil unprofitably wet, and render 
draining necessary. Nor, — as this work is intended as a hand- 
book for practical use, — is it deemed advisable to introduce the 
geological charts and sections, which aie so oflen employed to 
illustrate Ihe various sources of under-groimd waler; intereslmg 
as they are lo sliidenis of the theories of agriculture, and im- 
portant as Ihe study ii, their consideralion here would consume 
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5pace» which il is desired to devote only lo ihe reasons for, and 

|oi6] the practice of, Ihorough -draining. 

To one writing in advocacy of improvemenis, of any kind, 
there is always a temptation to throw a tub to the popular whale, 
and to suggest some make-shifl* by which a certain advantage 
maybe obtained al half-price. It is proposed in this essay to resist 
that templalion, and lo adhere to the rule that "whatever is worlh 
doing* is worth doing well," in Ihe belief Ihat Ihis rule applies 
in no other depailraent of induslry wilh more force Ihan in the 
draining of land, whether for agricultural or for sanilary improve- 
menl. Therefore* it will nol be recommended thai draining be 
ever confined to the wetlest lands only; that, in Ihe pursuance 
of a penny-wisdoni, drains be constructed with stones, or brush, 
or boards; that the aniiqualed horse-^hoe liles be used, because 
they cosi less money; or Ihal il will, in any case, be economical 
to make only such drains as are necessary to remove the water 
of large springs. The doctrine herein advanced is, thai, so far as 
draining is applied at all* it should be done in the mosi Ihorough 
and complete manner, and that it is betler that, in commencing 
this improvemeni, a single field be really well drained, than that 
the whole farm be half drained. 

Of course, there are some farms which suffer from too much 
waler, which are not worth draining at present; many more which, 
at the present price of frontier lands, are only worlh relieving of 
the water which stands on the surface; and not a few on which 
the qiianlily of stone lo be removed suggests the propriety of 
making wide ditches, in which lo hide them, (using the ditches, 
incidentally, as drains). A hand-book of draining is not needed by 
the owners of Ihese farms; their operations aie simple, and they 
require no especial inslruclion for their performance. This work 
is addressed especially to those who occupy lands of sufficient 
value, from Iheir proximity lo market, to make it cheaper lo 
cultivate well, Ihan to buy more land for Ihe sake of gelling a 

|oni larger return from poor cultivation. Wherever Indian com is 
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worth fifty cents a bushel, on the fiirm, il will piiy lo thoroughly 
diiiin every iicre of kind which needs draining. [f» from want 
of capital* this cannot be done at once, it is best to first drain 
il portion of the farm, doing the work thoroughly well, and to 
iipply the return from the improvement to its extension over other 
portions iifterward. 

In pursuance of the foregoing declariition of principles, it is 
left to the sagacity of the individuiil operator, to decide when the 
full effect desired can be obtained, on particular lands, without 
applying the regulai" system of depth and distance, which has 
been found sufficient for the worst cases. The directions of this 
book will be confined lo the treatment of land which demands 
thorough work. 

Such iand is that which, at some time during the period of 
vegetation, contains stagnant water, at least in its sub-soil, within 
the reach of the roots of ordinary crops; in which there is not a 
free outlet at the bollom for all the water which it receives from 
the heavens, from adjoining land, or from springs; and which is 
more or less in the condition of standing in a great, water-tight 
box, with openings to let water in, but with no means for its 
escape, except by evaporation at the surface; or, having larger 
inlets than outlets, and being at times "waler-logged," at least in 
its lower parts. The subsoil, to a great extent, consists of clay or 
other compact material, which is not impel vious, in the sense in 
which india-rubber is impervious, (else il could not have become 
wet,) but which is sufficiently so to prevent the free escape of 
water. The surface soil is of a lighter or more open character, in 
consequence of the cultivation which it has received, or of the 
decayed vegetable mailer and the roots which itconlains. 

In such land the subsoil is wet, — almost constantly wet, — and 
the falling rain, finding only the surface soil in a condition to 
receive it, soon fills this, and often more than fills il, and stands 
on the surface. After the ram, come wind and sun, lo dry off loisj 
the standing water, — lo dry out the free water in the surface soil. 



12 Draining for Profit^ and Draining for Heallh 

and to drink up Ihe water of ihe subsoil, which is slowly drawn 
from below, [f no spring, or ooze, keep up Ihe supply, iind if 
no more rain fall^ the subsoil may be dried lo a considerable 
depth, cracking and gaping open, in wide fissures, a^ Ihe clay 
loses ils water of iibsorplion, and shrinks. After ihe surface soil 
has become sufficiently dry, Ihe land may be plowed, seeds will 
germinale, and plants will grow. If there be not loo much rain 
during the season, nor too liltle, the crop may be a fair one, — if 
the land be rich, a very good one. El is not impossible, nor 
even very uncommon, for such soils to produce largely, but they 
are always precarious. To the labor and expense of cullivalion, 
which fairly earn a secure return, there is added the anxiety of 
chance; success is greatly dependent on Ihe weather, and ihe 
wealher may be bad: Heavy rains, after planting, may cause the 
seed to rol in the ground, or lo germinate imperfectly; heavy 
rams during early growlh may give an unnatural development, 
or a feeble character to the plants; laler in Ihe season, ihe wan I of 
sufficient rain may cause the crop to be parched by droughl, for 
ils rools, disliking Ihe clammy subsoil below, will have extended 
wilhin only a few inches of Ihe surface, and are subjecl, almost, 
to Ihe direct aclion of the sun's heal; in harvest lime, bad wealher 
may delay the gathering until the crop is greatly injured, and fall 
and spring work must often be put off because of wet. 

The above is no fancy skelch. Every farmer who cultivates 
a relentive soil will confess, thai all of ihese inconveniences 
conspire, in Ihe same season, lo lessen his returns, wilh very 
damaging frequency; and nolhing is more common than for him 
to qualify his calculations wilh Ihe proviso, "if 1 have a good 
season." He prepares his ground, plants his seed, cultivales ihe 
crop, "does his besi," — thinks he does his best, Ihat is, — and 
trusts to Providence to send him good wealher. Such farming is 
|0i9] attended wilh too much uncerlainly, — with loo much luck, — lo 

be salisfaclory; yel, so iong as the soil remains in its undramed 
condition, Ihe element of luck will continue lo play a very im- 
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porliint pari in ils cullivalion, and bad luck will oflen play sud 
havoc with the year's accounl^. 

Land of Ihis chariicter is usually kept in grass, as long as it 
will bring paying crops* and is» not unfrequently* only availiible 
for pasliire; but, both for hiiy iind for pasture, it is still subject to 
the drawback of the uncertiiinty of Ihe seiisons, iind in Ihe best 
seasons it produces far less than it might if well drained. 

The effect of this condilion of Ihe soil on Ihe heallh of an- 
imals living on il, iind on Ihe health of persons living neai" il, 
is extremely iinfiivorable; the discussion of this branch of the 
question^ however, is postponed to a liiler chapter. 

Thus fiir, there have been considered only the effects of the 
undue moislure in Ihe soil. The manner in which these effects 
iire produced will be examined, in conned ion with Ihe manner in 
which draining overcomes them, — reducing to the lowest possi- 
ble proporlion, that uncertainly which always attaches lo human 
enterprises, and which is falsely supposed to belong especially 
to Ihe cullivalion of Ihe soiL 

Why is it thai the farmer believes, why should any one believe, 
in these modern days, when the advancement of science has so 
simplified Ihe industrial processes of Ihe world, and thrown its 
lighl into so many corners, Ihat Ihe word "mystery" is hardly to 
be applied to any operation of nature, save to that which depends 
on Ihe always myslerious Principle of Life, — when the effect of 
any combination of physical circumstances maybe foretold, with 
almosi unerring cerl^inly, — why should we believe ihal Ihe suc- 
cess of farming must, afler all, depend mainly on chance? Thai 
im intelligent man should submil the success of his own palieni 
efforts lo Ihe operation of "luck;" Ihat he should deliberalely bei 
his capital, his toil, and his experience on having a good season, [020j 
or a bad one, — Ihis is not the least of the remaining mysteries. 
Some chance Ihere musi be in all things, — more in farming Ihan 
in mechanics, no doubt; bul it should be made lo take the smallesi 
possible place in our calculations, by acaieful avoidance of every 
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condition which may piace our crops al Ihe niercy of thai most 
uncertain of all things — ihe weiilher; and especially should Ihis 
be the case, when the very means for lessening the element of 
chance in our calculiitions are the besi means for increasing our 
crops, even in the mosi favorable weather. 



[D2I] 



CHAPTER II. - HOW DRAINS 
ACT, AND HOW THEY AFFECT 
THE SOIL 



For reasons which will appear, in the course of this work, the 
only sort of drain to which reference is here made is that which 
consists of a conduit of burned clay» (tile,) placed at a consid- 
erable depth in the subsoil, and enclosed in a compacted bed of 
the sliffesl earth which can conveniently be found. Stone-drains, 
brush-drains, sod-drains, mole-plow tracks, and the various oth- 
er devices for forming a conduit for ihe conveying away of the 
soak age -water of the land, are not without the support of such 
arguments as are based on the expediency of make-shifis, and 
are, perhaps, in rare cases, advisable lo be used; but, for the 
purposes of permanent improvement, they are neither so good 
nor so economical as tile-drains. The arguments of this book 
have reference to the latter, (as the most perfect of all drains 
thus far invented,) though they will apply, in a modified degree, 
to all underground conduits, so long as they remain free from 
obstructions. Concerning stone-drains, attention may properly 
be called to Ihe fact that, (contrary to the general opinion of 
farmers,) they are very much more expensive than tile-drams. So 
great is the cost of cutting the ditches lo the much greater size 
required for stone than for tiles, of handling the stones, of placing 
them properly in the ditches, and of covering them, after ihey are 
laid, with a suitable barrier to the rattling down of loose earth 
among them, thai, as a mere question of first cost, it is far chewier 
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to buy tiles than lo use stones, although these may lie on ihe 

|022] surface of ihe field, and only require lo be placed in Ihe trenches. 

[n addition to ihis, the great liability of stone-drams lo become 

obstructed in a few years, and Ihe certainty thai tile-drains will, 
pracliciilly, last forever, are conclusive argumenis in favor of Ihe 
use of the latter, [f ihe land is stony, it must be cleared; this is a 
proposition by itself* but if the sole object is to make drains, the 
best material should be used, and this material is not stone. 

A well laid tile-drain has the following essential characteris- 
tics: — I . It has a free outlet for the discharge of all water which 
may run through it. 2. It has openings, at its joints, sufficient 
for the admission of all the water which may rise to the level of 
its floor. 3. Its floor is laid on a well regulated line of descent, 
so that its current may maintain a flow of uniform, or, at least, 
never decreasing rapidity, throughout its entire length. 

Land which requires draining, is that which, at some time 
during the year, (either from an accumulation of the rains which 
fall upon It, from the lateral flow, or soakage, from adjoining 
land, from springs which open within it, or from a combination 
of two or all of these sources,) becomes filled with water, that 
does not readily find a natural outlet, but remains until removed 
by evaporation. Every considerable addition to its water wells 
up, and soaks its very surface; and that which is added after it is 
already brim full, must flow off over the surface, or He in puddles 
upon it. Evaporation is a slow process, and it becomes more and 
more slow as the level of the water recedes from the surface, and 
is sheltered, by the overlying earth, from the action of sun and 
wind. Therefore, at least during the periods of spring and fall 
preparation of the land, during the early growth of plants, and 
often even in midsummer, the watef-tabie^ — the top of the water 
of saturation, — is within a few inches of the surface, preventing 
the natural descent of roots, and, by reason of the small space 
[0231 to receive fresh rains, causing an interruption of work for some 

days after each storm. 
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If such land is properly furnished wilh tile-drains, (hiiving a 
clear and sufficient oulfall, offering sufficieni means of enlrance 
to the water which reaches them» iind carrying it» by a uniform 
or increiising desceni, lo Ihe outlet,) its waler will be removed 
to nearly, or quite, Ihe level of Ihe floor of Ihe drains, and its 
water-table will be at the distance of some feet from ihe surface, 
leaving the spaces between the particles of all of the soil above 
it filled wilh air inslead of water. The waler below the drains 
stands al a level, like any other waler Ihat is dammed up. Rain 
water falling on Ihe soil will descend by ils own weight to this 
level, and the waler will rise into the drains, as it would flow 
over a dam, unlil the proper level is again allained. Spring waler 
entering from below, and waler oozing from Ihe adjoining land, 
will be removed in like manner, and the usual condition of the 
soil, above the waler-table, will be that represented in Fig. 3, the 
condition which is best adapled lo the growlh of useful planls. 

In the heaviest storms, some water will flow over the surface 
of even the dryest beach-sand; but, in a well drained soil the 
water of ordinary rains will be at once absorbed, will slowly de- 
scend toward Ihe water -lable, and will be removed by the drains, 
so rapidly, even in heavy clays, as to leave Ihe ground fit for 
cultivation, and in a condition for sleady growth, within a shorl 
time after the rain ceases. II has been estimated that a drained 
soil has room belween ils particles for about one quarler of its 
bulk of water; — Ihat is, four inches of drained soil contains free 
space enough lo receive a rain -fall one inch in depth, and, by the 
same token, four feet of drained soil can receive twelve inches 

of rain, more than is known lo have ever fallen in Iwenty-four 

hours, since the deiiige, and more than one quarler of Ihe annua! 
rain-fall in the United States. [D24] 

As was slaled in the previous chapter, Ihe water which reaches 
Ihe soil may be considered under Iwo heads: 

I si — That which reaches ils surface, whether direclly by rain, 
or by the surface flow of adjoining land. 
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2d — Thai which reaches ir below llie surface, by springs and 
by soakiige from rlie lower portions of adjoining liind. 

The first of these is beneficial^ because it contains fresh air, 
carbonic acid, Eimmonia^ nitric acid, and heat, obtained from the 
atmosphere; and the flowage water contains, in addition, some 
of the finer or more soluble parts of the liind over which it has 
passed. The second, is only so much dead water, which has 
already given up, to other soil, all that ours could absorb from it, 
and its effect is chilling and hurtful. This being the case, the only 
interest we can have in it, is to keep it down from the surface, 
and remove it as rapidly as possible. 

The water of the first sort, on the other hand, should be ar- 
rested by every device within our reach. If the land is steep, the 
furrows in plowing should be run horizontally along the hill, to 
prevent the escape of the water o'^er the surface, and to allow 
It to descend readily into the ground. Steep grass lands may 
have frequent, small, horizontal ditches for the same pnrpose. If 
the soil is at all heavy, it should not, when wet, be trampled by 
animals, lest it be puddled, and thus made less absorptive. If in 
cultivation, the surface should be kept loose and open, ready to 
receive all of the rain and irrigation water that reaches it. 

In descending through the soil, this water, in summer, gives up 
heat which it received from the air and from the heated surface of 
the ground, and thus raises the temperature of the lower soil. The 
fertilizing matters which it has obtained from the air, — carbonic 
acid, ammonia and nitric acid, — aie extracted from it, and held 
for the use of growing plants. Its fresh air, and the air which 
follows the descent of the water-table, carries oxygen to the 
|025] organic and mineral parts of the soil, and hastens the rust and 

decay by which these are prepared for the uses of vegetation. 
The water itself supplies, by means of their power of absorption, 
the moisture which is needed by the particles of the soil; and, 
having performed its work, it goes down to ihe level of the water 
below, and, swelling the lide above the brink of the dam, sets the 
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di'iiins running, until it is all removed. In lis desceni through the 
ground, Ihis wjter cleiirs the passages through which it flows, 
leaving a belter channel for the water of future rains, so thai, in 
time, Ihe heaviesi clays, which will drain bill imperfectly during 
the first one or Iwo years, will pass waler, to a depth of four or 
five feet, almost as readily as the lighler loams. 

Now, imagine the drains to be closed up, leaving no outlet 
for the water, save at Ihe surface. This amoimts to a raising of 
the dam lo that height, and additions to the waler will bring the 
water-table even wilh the lop of ihe soil. No provision being 
made for the removal of spring and soakage water, this causes 
serious inconvenience, and even Ihe rain-fall, finding no room 
in Ihe soil for its reception, can only lie upon, or flow over, the 
surface, — not yielding lo the soil Ihe fertilizing malters which it 
contains, but, on Ihe contrary, washing away some of its finer 
and looser parts. The particles of the soil, instead of being 
furnished, by absorption, with a heallhful amouni of moisture, 
'^we made unduly wet; and the spaces between Ihem, being filled 
with water, no air can enter, whereby the chemical processes by 
which the inert minerals, and the roots and manure, in the soil 
are prepaied for the use of vegelalion, are greatly retarded. 

Instead of carrying the heat of the air, and of the surface of Ihe 
ground, to the subsoil, the rain only adds so much to Ihe amouni 
of water to be evaporated, and increases, by so much, the chilling 
effect of evaporalion. II1261 

Instead of opening the spaces of the soil for the more free 
passage of water and air, as is done by descending water, thai 
which ascends by evaporation al Ihe surface brings up soluble 
matlers, which it leaves al Ihe point where it becomes a vapor, 
forming acrusi thai pre venis Ihe free entrance of air at those times 
when the soil is dry enough to afford it space for circulation. 

Instead of crumbling to the fine cond ition of a loam, as il does, 
when well drained, by the descent of waler Ihrough il, heavy 
clay soil, being rapidly dried by evaporalion, shrinks into hard 
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masses, separated by wide cracks. 

In shorl» in wel seasons, on siicli land, the crops will be greatly 
lessened, or enlirely destroyed, and in dry seasons* culrivahon 
will alwiiys be much more liiborious, more hurried* and less 
complete, ihan if it were well drained. 

The foregoing general slalements, concerning Ihe action of 
water in drained, and in undrained land, and of the effects of 
Its removal, by gravitalion, and by evaporation, are based on 
facts which have been developed by long practice, and on a 
rational application of well know principles of science. These 
facts and principles are worthy of examination, and they are set 
forlh below, somewhat at length, especially wilh reference lo 
Absorption and FUtiaitofi; Evcipotalion\ Temtieta/iire^ Diofight; 
Porosity OY Mellowness: snd Chemical Action. 

Absorption akd Felthation. — The process of under-draining 
is a process of absorplion and filtration, as distinguished from 
surface-flow and evaporation. The completeness with which ihe 
latter are prevented, and the former promoted, is the measure of 
the compleleness of the improvement. If waler lie on the surface 
of the ground unlil evaporaled, or if il flow off over Ihe surface, 
il will do harm; if it soak away through the soil, il will do good. 
The rapidily and ease with which it is absorbed, and, Iherefore, 
[0771 the extent to which under-draining is successful, depend on the 

physical condilion of Ihe soil, and on Ihe manner in which ils 
texture is affected by Ihe drying action of sun and wind, and by 
the downward passage of waler through it. 

In drying, all soils, except pnre sands, shrink, and occupy 
less space than when they are saturaled wilh water. They shrink 
more or less, according to their composition, as will be seen 
by the following table of results obtained in Ihe experimenis of 
Schuebler: 



1,000 Parts 
of 



Will Con- 
tracl Pails. 



1 ,000 Parts 
of 



Will Con 
iraci Parts. 
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Strong 

Limey Soil 
Heavy Loam 
Brick 
Maker's 
Clay 



50. 

60. 
85. 



Pure Clay 



Peat 



83. 



200. 



Professor Johnson eslimares Thai peat and heavy clay shrink 
one-fifth of their bulk. 

If soil be dried suddenly, from a condition of extreme welness, 
it will be divided into large masses, or clods* separated by wide 
cracks. A subsequent wetting of Ihe clods, which is not sufficient 
to expand il to its former condilion, will not enlirely obliterate 
the cracks, and the next drying will be followed by new fissures 
within the clods themselves; and a frequent repelition of this 
process will make Ihe network of fissures finer and finer, until 
Ihe whole mass of ihe soil is divided to a pulverulent condition. 
This is the process which follows the complete draining of such 
lands as contain large proportions of clay or of peat. II is relarded, 
in proportion lo the amount of the free water in the soil which is 
evaporated from Ihe surface, and in proportion to the iramplmg 
of the ground, when very wet. U is greatly facilitated by frosi, 
and especially by deep frost. 

The fissures which are formed by Ihis process are, in lime, 
occupied by the roots of plains, which remain and decay, when 
the crop has been removed, and which prevent the soil from ever 
again closing on itself so complelely as before Iheir penetralion; 
and each season's crop adds new rools to make the separalion 
more complele and more universal; but it is only after ihe waler 
of salu ration, which occupies Ihe lower soil for so large a pari of 
the year, has been removed by draining, thai roots can penelrate 
to any considerable depth, and, in fact, Ihe cracking of undrained 
soils, in drying, never exlends beyond the separation inio large 
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masses, because each heavy rain, by saturating the 5oil and ex- 
panding it to lis full capacity, enlirely obliterates ihe cracks and 
forms a solid mass« in which the operation has lo be commenced 
anew with the next drying. 

Mr. Gisborne* in his capital essay on "Agricultural Drainage," 
which appeared in the Qiturteily Rei'ievi', No. CLXXI, says: "We 
really thought ihal no one was so ignorani as nol to be aware Ihat 
clay lands always shrink and crack with droughty and The stiffer 
the clay the greater the shrinking, as brickmakers well know. In 
the great drought, 36 years ago, we saw in a very retenlive soil 
in the Vale of Belvoir, cracks which it was not very pleasant to 
ride among. This very summer, on land which, with reference 
to this very subjecl, Ihe owner stated lo be impervious, we put 
a walking stick three feel into a sun-crack, without finding a 
boltoni, and Ihe whole surface was what Mr. Parkes, not inap- 
propriately, calls a network of cracks. When heavy rain comes 
upon a soil in this slale, of course the cracks fill, ihe clay imbibes 
the water, expands, and Ihe cracks are abolished. But if there are 
four or five feet parallel drains in the land, the water passes at 
once into them and is carried off. In fact, when heavy rain falls 
upon clay lands in Ihis cracked stale, it passes off loo quickly, 
wilhout adequale filtralion. Inlo ihe fissures of ihe und rained soil 
the rools only penelrate to be perished by the cold and wet of 
the succeeding wiiiler; but in the drained soil Ihe roots follow 
the threads of vegetable mold which have been washed into the 
|029] cracks, and get an abiding tenure. Eailh worms follow either ihe 

roots or the mold. Permanent schisms are established in Ihe clay, 
and its whole character is changed. An old farmer in a midland 
counly began with 20-inch drains across the hill, and, wilhout 
ever reading a word, or, we believe, conversing with any one 
on the subject, poked his way, step by step, to four or five feel 
drains, in the line of sleepesi descent. Showing us his drains 
this spring, he said: 'They do belter year by yeai"; the water gels 
a habit of coming to Ihem ' — a very correct statement of fact, 
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though no! a very philosophical explanalion." 

Alderman Mechi» of Tiplree HiilU siiys: "Fillration may be too 
sudden^ as is well enough shown by our hot sands Eind griivels; 
but I apprehend no one will ever fear rendering strong clays too 
porous iind manageable. The object of draining is lo impart to 
such soils the mellowness iuid dark color of self driiined, rich 
iind friable soil. Thai perfect drainage and cultivation will do 
this, is a well known fiicL I know it in the case of my own 
garden. How it does so I am not chemisi enough to explain in 
detail; but il is evideni the effect is produced by Ihe fibers of 
the growing crop intersecting every particle of the soil, which 
they never could do before draining; these, with their excrelions, 
decompose on removal of Ihe crop, and are acted on by the 
alternating air and waler, which also decompose and change, in 
a degree, the inorganic substances of the soil. Thereby drained 
land, which was, before, impervious to air and water, and con- 
sequently unavailable to air and rools, to worms, or to vegetable 
or animal life, becomes, by drainage, populated by bolh, and is 
a great chemical labor alory, as our own atmosphere is subjecl to 
all the changes produced by aiiimaled nalure." 

Experience proves thai ihe desceni of water through ihe soil 
renders il more porous, so Ihat it is easier for the waler falling [030j 
afterward lo pass down to the drains, bill no very satisfactory 
reason for Ihis has been presented, bevond that which is connect- 
ed with Ihe cracking of the soil. The fact is well slaled in the 
following extract from a letter lo Ihe Coimtiy Genlieman: 

"A simple experimeni will convince any farmer that the besi 
means of permanenlly deepening and mellowing the soil is by 
thorough drainage, lo afford a ready exit for all surplus moisture. 
Let him take in spring, while wet, a quanlity of his hardesi 
soil, — such as it is almost impossible to plow in summer, — such 
as presenis a baked and brick-like character under the influence 
of drought, — and place il in a box or barrel, open al the boltom, 
and frequently during Ihe season let him saturate it wilh water. 
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He will find il gradually becoming more and more porous and 
friable, — holding wiiler less and less perfectly as the experiment 
proceeds, iind in Ihe end it will attain n state best suited to the 
growth of plants from its deep and mellow character." 

It is equally a fact that the ascent of water in the soil, together 
with its evaporation at the surface, has the effect of making the 
soil impervious to rains, and of covering the land with a crust of 
hard, dry earth, which forms a barrier to the free entrance of air. 
So far as the formation of crust is concerned, it is doubtless due to 
the fact that Ihe water in the soil holds in solution certain mineral 
matters, which it deposits at the point of evaporation, the collec- 
tion of these finely divided matters serving to completely fill Ihe 
spaces between the parlicles of soil at Ihe surface, — pasting them 
together, as it were. How far below the surface this direct action 
extends, cannot be definitely determined; but the process being 
carried on for successive years, accumulating a quantity of these 
fine particles, each season, ihey ai"e, by cultivation, and by the 
action of heavy showers falling at a lime when the soil is more or 
|03i] less dry, distributed through a certain depth, and ordinarily, in all 

probability, are most largely deposited at the top of the subsoil. 
It is found in practice that the first foot in depth of retentive soils 
IS more retentive than thai which lies below. If this opinion as 
to the cause of this greater imperviousness is correct, it will be 
readily seen how water, descending to the drains, by cairying 
these soluble and finer parts downward and distributing them 
more equally through the whole, should render the soil more 
porons. 

Another cause of the retention of water by the surface soil, 

often a very serious one, is the puddling which clayey lands 
undergo by working them, or feeding cattle upon ihem, when 
they are wet. This is always injurious. By draining, land is made 
fit for working much earlier in the spring, and is sooner ready for 

pasturing after a rain, but, no matter how thoroughly the draining 
has been done, if there is much clay in the soil, the effect of Ihe 
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iniprovenienl will be deslroyed by plowing or Irampling, while 
very wet; Ihis impervious condirion will be removed in lime, of 
couFBCf bur while ir lasls, it places us as completely at the mercy 
of the weather as we were before adilch was dug. 

In connection wilh Ihe use of the word impervious^ it should 
be underslood Ihat it is not used in its strici sense, for no sub- 
stance which ciin be welled by water is really impervious and 
the mosi retenlive soil will beconie wet. Gisborne slales the case 
clearly when he says: "Is your subsoil moister afler the rams of 
mid -winter, Ihan it is afler the droughl of mid-summer? If it is» il 
will drain." 

The proportion of the rain-fiill which will filtrate through the 
soil to Ihe level of ihe drains, varies wilh the composition of the 
soil, and with Ihe effecl Ihat Ihe draining hiis had upon them. 

In il very loose, gravelly, or sandy soil, which has a perfect 
outlet for waler below, all but the heaviest falls of rain will sink 
at once, while on a heavy clay, no malter how well it is drained, 10321 
the process of filtralion will be much more slow, and if Ihe land 
be steeply inclined, some of the water of ordinarily heavy rams 
must flow off over the surface, unless, by horizonlal plowing, or 
calch drains on Ihe surface, ils flow be relarded unlil il has lime 
to enler the soil. 

The power of drained soiFs tohold water, by absorption, is very 
great. A cubic foot of very dry soil, of favorable character, has 
been eslimaled lo absorb wilh in ils particles, — holding no free 
water, or water of drainage, — aboul one-half ils bulk of waler; if 
this is true, Ihe amount required lo moisten a dry soil, four feel 
deep, giving no excess to be drained away, would amouni lo a 
rain fall of from 20 to 30 inches in depth. If we consider, in 
addition lo this, the amouni of waler drained away, we shall see 
that the soil has sufficieni capacily for the receplion of all the 
rain water Ihat falls upon it. 

In conneclion with Ihe queslion of absorption and fillration, 
it IS interesling lo investigate the movemenis of water in the 
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ground. The naliiral lendency of water, in the soil as well as out 
of it, is lo descend perpendicularly lowiird ihecenler of the eailh. 
[f il meet a flat layer of gravel lying upon clay, and having a free 
oiillet, it will follow the course of the gravel, — laterally, — and 
find the oiillet; if it meet water which is dammed up in the soil, 
and which has an oullet at a certain elevation, as al the floor of 
a drain, it will raise the general ievel of ihe waler, and force it 
oul Ihrough Ihe drain; if il meet waler which has no outlet, it 
will raise its ievel unlil Ihe soil is filled, or until il accumulates 
sufficient pressure, [head,) lo force its way through Ihe adjoining 
lands, or until it finds an oullet al the surface. 

The first two cases named represent the condition which it is 
desirable to obtain, by eilher natural or arlificial drainage; the 
[033] third case is ihe only one which makes drainage necessary. It is a 

fixed rule thai water, descending in the soil, will find the lowesl 
oullet to which ihere exists a channel through which il can flow, 
and that if, after heavy rains, il rise loo near ihe surface of Ihe 
ground, the proper remedy is to tap il al a lower level, and thus 
remove the water table lo the proper dislance from the surface. 
This subjecl will be more fully Irealed in a future chapter, in 
considering Ihe queslion of Ihe depth, and the inlervals, al which 
drains should be placed. 

Evaporalioii. — By evaporation is meant the process by which 
a liquid assumes the form of a gas or vapor, or "dries up." Water, 
exposed lo the air, is constantly undergoing this change. II is 
changed from the liquid form, and becomes a vapor in the air. 
Water in the form of vapor occupies nearly 2000 times the space 
that it filled as a liquid. As Ihe vapor at the lime of ils formalion 
is of Ihe same temperalnre wilh the water, and, from lis highly 
expanded condilion, requires a greal amofwl of heat to mainlain 
il as vapor, it follows Ihal a given quantity of water contains, 
in the vapory form, many limes as much heat as in the liquid 
form. This heat is laken from surrounding substances, — from 
the ground and from the air, — which are thereby made much 
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cooler. For instance, if a shower moislen Ihe ground, on a hoi 
sumrner day, Ihe drying up of ihe water will cool bolh the ground 
and Ihe air. If we place a wet cloth on the head^ and hasten Ihc 
evaporation of Ihe waler by fanning, we cool the head; if we wrap 
a wet napkin around a pilcher of waler, and place it in a current 
of air, Ihe waler in Ihe pitcher is made cooler, by giving up its 
heat to the evaporaling waler of Ihe napkin; when we sprinkle 
water on the floor of a room* ils evaporation cools the air of the 
room. 

So great is the effect of evaporation » on the lemperalure of the 
soiU that Dr. Madden found Ihat the soil of a drained field, in 
which mosi of the water was removed from below, was 6-1/2° |034i 
Far. waimer Ihan a similar soil undrained, froni which Ihe waler 
had lo be removed by evaporation. This difference of 6-1/2** is 
equal to a difference of elevation of l»950 feet. 

It has been found, by experimenis made in England, that the 
average evaporation of waler from wet soils is equal lo a depth 
of ^I'fj inches per month, from May lo August, inclusive; in 
America it iinist be very much greater than Ihis in Ihe summer 
months, bul this is surely enough for ihe purposes of illustration, 
as two inches of waler, over an acre of land, would weigh about 
two hundred ions. The amouni of heal required to evaporate this 
is immense, and a very large part of it is taken from ihe soil, 
which, thereby, becomes cooler, and less favorable for a r^id 
growth. II IS usual lo speak of heavy, wet lands as being "cold," 
and it is now seen why they are so. 

If none of the water which falls on a field is removed by 
drainage, (natural or artificial,) and if none runs off from the 
surface, Ihe whole ram -fall of a year must be removed by evap- 
oralion, and ihe cooling of Ihe soil will be proportionally great. 
The more completely we withdraw Ihis water from Ihe surface, 
and carry it off in underground drains, the more do we reduce 
the amouni lo be removed by evaporalion. In land which is well 
drained, Ihe amouni evaporaled, even in summer, will not be 
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sufficiein lo so lower tlie reiiiperalure of the soil as to relard Ihe 
growth of plants; the sniall amouni dried out of Ihe panicles of 
the soil* (waler of absorption,) will only keep it from being ri^ised 
to too great a heiil by the mid-suinnier sun. 

An idea of the amount of heal lost lo the soil, in Ihe evapo- 
ration of water, may be formed from Ihe fact Ihal lo evaporale, 
by artificial heat, the amount of water contained in a rain-fall of 
two inches on an acre, (200 tons,) would require over 20 Ions of 
coal. Of course a considerable — probably by far Ihe larger, — part 
[035] of Ihe heat laken up in Ihe process of evaporation is furnished 

by Ihe air; but the amouni abslracled from the soil is great, and 
is in direct proportion to the amouni of water removed by Ihis 
process; hence, Ihe more we remove by draining, Ihe more heat 
we relain in the ground. 

The season of growlh is lengthened by draining, because, by 
avoiding ihe cooling ef feels of evaporation, germination is more 
rapid, and Ihe yoimg plani grows steadily from the start, instead 
of siruggling again si the relardiiig influence of a cold soil. 

Temperature. — The temperalure of the soil has great effect 
on Ihe germination of seeds, the growlh ofpfanis, and the ripening 
of the crops. 

Gisborne says: "The evaporation of 1 lb. of waler lowers Ihe 
temperalure of 100 lbs. of soil 10^, — that is to say, that, if lo 
100 lbs. of soil, holding all the waler il can by altraction, but 
containing no water of drainage, is added 1 lb. of water which 
it has no means of discharging, except by evaporation, it will, 
by the time that il has so discharged il, be 60° colder than it 
would have been, if it had the power of discharging this I lb. 
by fillration; or, more practically, thai, if rain, entering in the 
proporlion of 1 lb. to 100 lbs. inio a relentive soil, which is 
saturaled with waler of attraclion, is discharged by evaporalion, 
Il lowers the lemperature of thai soil 10°. If Ihe soil has Ihe 
means of dischaigmg thai I lb. of water by filtration, no effect is 
produced beyond what is due to the relalive temperalures of the 
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rain and of the soil." 

Il ha^ been estiiblished by experiment that four times in. much 
heat is required to evaporate a certain quantity of water» as to 
raise the same quantity from the freezing to the boiling point. 

II is» probably, in consequence of this cooling effect of evapo- 
ration, that wet lands are warmest when shaded, because, under |036i 
this condition, evaporation is less active. Such lands, in cloudy 
weather, form an unnatural growth, such as results in the "lodg- 
ing" of grain crops, from the deficient strength of the straw which 
this growth produces. 

In hot weather, the temperature of the lower soil is, of course, 
much lower than that of the air, and lower than that of the water 
of warm rains. If the soil is saturated with water, the water will, 
of course, be of an even temperature wilh the soil in which it 
lies, but if this be drained off, warm air will enter from above, 
and give its heat to the soil, while each rain, as it falls, will also 
carry its heat wilh it. Furthermore, the surface of the ground is 
sometimes excessively heated by the summer sun, and the heat 
thus contained is carried down to the lower soil by the descending 
water of rains, which thus cool the surface and warm the subsoil, 
both beneficial. 

Mr. Josiah Parkes, one of the leading draining engineers of 
England, has made some experiments to test the extent to which 
draining affects the temperature of the soil. The results of his 
observations are thus slated by Gisbome: "Mr. Parkes gives the 
temperature on a Lancashire flat moss, but Ihey only commence 
7 inches below the surface, and do not extend to mid-summer. 
At that period of the year the temperature, at 7 inches, never 
exceeded 66*', and was generally from 10'* to \5° below the 
temperature of the air in the shade, at 4 feet above the earth. Mr. 
Parkes' experiments were made smniltaneously, on a drained, 
and on an undrained portion of the moss; and the result was, 
that, on a mean of 35 observations, the drained soil at 7 inches 
in depth was 10° warmer than the undrained, at the same depth. 
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The undrajned 5oil never exceeded 47°, whereas, iifler a Ihunder 
5torm, ihe drained reached 66'* al 7 inches, and 48'* at 31 inches. 
Such were the effects, at an early period of the year, on n black 
[037] bog. They suggest some idea of what they were, when, in July 

or August, Ihunder rain al 60° or 70** falls on a surface heated 
to 130°, and carries down with it, inio the greedy fissures of 
the earth, its augmented temperature. These advantages, porous 
soils possess by nature, and retenlive ones only acquire them by 
drainage/' 

Drained land, being more open lo atmospheric circulalion, 
and having lost the water which prevented the temperature of its 
lower portions from being so readily affected by the teniperalure 
of Ihe iiir as il is when dry, will freeze lo agrealer depth in winter 
and Ihiiw out earlier in the spring. The deep freezing has the 
effect to greatly pulverize the lower soil, thus betler filting it for 
the support of vegetation ; and the earUer thawing makes it earlier 
ready for spring work. 

Drought. — At first thoughl, it is not unnalural to suppose 
that draining will increase the ill effect of too dry seasons, by 
removing waler which might keep the soil moist. Experience 
has proven, however, Ihat Ihe resull is exactly Ihe opposile of 
this. Lands which suffer most from droughl are most benefited 
by draining, — more in their greater abilily to withstand drought 
than in any other particular. 

The reasons for this action of draining become obvious, when 
Its effects on the character of the soil are examined. There is 
always the same amount of water in, and about, the surface of 
the earth. In winter there is more in the soil than in summer, 
while in summer, that which has been dried out of the soil 
exists in the atmosphere in the form of a i/i^poi: It is held in 
the vapory form by heat, which may be regarded as braces to 
keep it distended. When vapor comes in contact with substances 
sufficiently colder than itself, it gives up its heat, — thus losing 
Its braces, — contracts, becomes liquid water, and is deposited as 
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dew. [Das] 

Maiiy instances of this operalion iiie familiar to all. 

For instance^ a cold pitcher in Ihe summer robs Ihe vapor 
in Ihe air of its heal, and causes it to be deposited on its own 
surface, — of course Ihe water comes from Ihe atmosphere, not 
Ihrough Ihe wall of Ihe pitcher; if we breaihe on a knife blade, il 
condenses, in Ihe same manner, the moisture of the breath, and 
becomes covered with a film of-water; stone-houses are damp in 
summer, because the inner surface of their walk, being cooler 
than Ihe atmosphere, causes its moisture lo be deposited in the 
manner described;" nearly every night, in summer, Ihe cold earth 
receives moisture from the atmosphere in the form of dew; a 
single large head of cabbage, which al night is very cold, often 
condenses water lo Ihe amouni of a gill or more. 

The same operation takes place in the soil. When the air is 
allowed to circulate among its lower and cooler, (because more 
shaded,) particles, they receive moisture by the same process 
of condensalion. Therefore, when, by the aid of under -drains, 
the lower soil becomes sufficiently loose and open, to allow a 
circulation of air, Ihe deposit of atmospheric moisture will keep 
it supplied with water, al a point easily accessible to the roots of 
plants. 

If we wish to satisfy ourselves that this is practically correct, 
we have only to prepare two boxes of finely pulverized soil, — one 
three or four inches deep, — and the other fifteen or twenty inches 
deep, and place them in ihe sun, at midday, in summer. The 
thinner soil will soon be completely dried, while the deeper one, 
though it may have been previously dried in an oven, will soon 
accumulale a large amonnt of water on those particles which, \<)39] 
beine lower and better sheltered from Ihe sun's heal than the 



By leaving a apace between ihc wall Jiid ihc plaslcnng, ihis moialurc i^ 
prcvculcd from being an annoyuncc, and if ihc inclosed space \s riol open from 

lop lo bollojii, SG as lo allow a circululion of air, bul lLU[e vapor wdl come in 
conlaci with ihc wall, und bul ua i aeon ud crab ic amouaJ \tLll be dcpoulcd. 
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parncle^ of Ihe tliin soil, are made cooler. 

We have seen ihiil even Ihe most retenlive soil, — Ihe stiffest 
clay, — is made porous by the repealed passage of waler from the 
surface to the level of the drains, and Ihat Ihe abilily lo admit 
air, which plowing gives il, is mainlained for a much longer 
time Ihiin if il were usuiilly saturated with water which has no 
other mean^ of escape than by evaporation al Ihe surface. The 
power of dry soih lo absorb moisture from Ihe air may be seen 
by an examination of the following lable of results obtained by 
Schuebler, who exposed 1,000 grains of dried soil of the various 
kinds named to the action of the air: 



Kind of Soil. 

Common Soil 
Loamy Clay 
Garden Soil 
Brickmakers' Clay 



Amount of Water Ab- 
sorbed in 24 Hours. 

22 grains. 
26 grains. 
45 grains. 
30 grains. 



[040] 



The effecl of draining in overcoming drought, by admitting 
atmospheric vapor will, of course, be very much increased if ihe 
land be thoroughly loosened by cultivation, and especially if the 
surface be kept in an open and mellow condition. 

In addition lo the moisture received from Ihe air, as above 
described, water is, in a porous soil, drawn up from the wetter 
subsoil below, by Ihe same attractive force which acts to wet 
the whole of a sponge of which only the lower part touches the 
water; — as a hard, dry, compact sponge will absorb waler much 
less readily than one which is loose and open, so Ihe hard clods, 
into which undramed clay is dried, drink up water much less 
freely than they will do after draining shall have made them more 
friable. 

The source of this imderground moisture is the "water ta- 
ble," — the level of Ihe soil below Ihe influence of the drains, — ajjd 
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this should be so placed llial, while its water will easily rise to a 
point occupied by the feeding roots of Ihe crop» it should yield 
as little as possible for evaporation at the surface. 

Another source of moisture, in surnmer* is the deposit of dew 
on Ihe surface of the ground. The amoiiiil of Ihi^ is very difficult 
to delermine, and accurate American experiments on ihe subject 
iire wanting. Of course the amount of dew is greater here than in 
England, where Dr. Dalton, a skillful examiner of atmospheric 
phenomena, estimates the annual deposit of dew lo equal a depth 
of five inches, or about one-fiflh of ihe rain-fall. Water Ihus 
deposited on the soil is absorbed more or less completely, in 
proportion to the porosity of the ground. 

The exteni lo which plants will be affected by drought de- 
pends, other things being equal, on the deplh lo which they send 
their roots. If these lie near the surface, they will be parched by 
the heat of the sun. If they strike deeply into the damper subsoil, 
the sun will have less effect on the source from which ihey obtain 
their moislure. Nothing lends so much to deep rooting, as the 
thorough draining of the soil. If the free water be withdrawn to 
a considerable dislance from Ihe surface, plants, — even without 
the valuable aid of deep and subsoil plowing, — will send their 
roots to great depths. Writers on this subject cite many instances 
in which Ihe roots of ordinary crops "not mere hairs^ but strong 
fibres, as large as pack-thread," sink to ihe depth of 4, 6, and 
in some instances 12 or 14 feet. Certain it is Ihal, in a healthy, 
well aerated soil, any of the plants ordinaiily cullivated in the 
garden or field will send their rools far below the parched surface 
soil; but if the subsoil is wet, cold, and soggy, at Ihe lime when 
Ihe young crop is laying out its plan of fiilure action, it will 
perforce accommodale its roots to the limited space which the 
comparatively dry surface soil affords. [04ij 

Jl is well known among ihose who atlend Ihe meetings of the 
Farmers' Club of Ihe American In^lilule, in New York, that the 
farm of Professor Mapes, near Newark, N.J., which maintains 
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jls wonderful fertility, year after year, wilhour reference lo wet 
or dry weather, ha^ been rendered almost absolutely indifferent 
to the severest droughty by a course of cultivation which has 
been rendered possible only by under-draining. The lawn^ of Ihe 
Central Park, which are a marvel of freshness, when ihe lands 
aboul the Park are burned brown, owe Iheir vigor mainly lo Ihe 
complete drainage of Ihe soil. What is true of these thoroughly 
cullivaled lands, it is practicable to altain on all soils, which, from 
their compact condition, are now almost denuded of vegetation 
in dry seasons. 

Porosily or Mellowness. — An open and mellow condition 
of the soil is always favorable for the growth of plants. They 
require heat, fresh air and moisture, to enable them to take up the 
materials on which they live, and by which they grow. We have 
seen that the heat of retentive soils is almost directly proportion- 
ate to the completeness with which their free water is removed 
by underground draining, and that, by reason of the increased 
facility with which air and water circulate within them, their heat 
is more evenly distributed among all those parts of the soil which 
are occupied by roots. The word moisture^ in this connection, is 
used in contradistinction to wetness^ and implies a condition of 
freshness and dampness, — not at all of saturation, [n a saturated, 
a soaking-wet soil, every space between the particles is filled 
with water to the entire exclusion of the atmosphere, and in such 
a soil only aquatic plants will grow. In a dry soil, on the other 
hand, when the earth is contracted into clods and baked, almost 
as in an oven, — one of the most important conditions for growth 
being wanting, — nothing can thrive, save those plants which ask 
of the earth only an anchoring place, and seek their nourishment 
IP42] from Ihe air. Both air plants and water piants have iheir wisely 

assigned ptaces in the economy of nature, and nature provides 
them with ample space for growth. Agriculture, however, is 
directed to the production of a class of plants very different from 
either of these, — to those which can only grow to their greatest 
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perfection in a soil combining, nol one or two only, but all three 
of ihe conditions nanied above. While Ihey require heat, Ihey 
cannot dispense wilh the moisture which too great heal removes; 
while Ihey require nioislure, Ihey cannot iibide the enlire exclu- 
sion of air, nor the dissipation of heat which loo much water 
causes. The interior pari of ihe pellets of n well pulverized soil 
should contain Lili the water that they ciin hold by their own 
iibsorptive power, jlisI as the finer walls of ii damp sponge hold 
it; while the spaces belween Ihese pellels, like the pores of the 
sponge, should be filled wilh air. 

In such ii soil, roots can extend in any direclion, and to con- 
siderable deplh, withoul being parched with Ihirst, or drowned in 
stagnani water, and, olher things being equal, planis will grow 
to their greatest possible size, iind all their tissues will be of the 
best possible texture. On rich land, which is maintained in this 
condition of porosity iind mellowness, agriculture will produce 
its best results, and will encounter the fewest possible chances of 
failure. Of course, ihere iire nol many such soils to be found, and 
such absolute balance belween wannth and moislure in Ihe soil 
cannol be miiinliiined at all times, and under all circumslances, 
but the more nearly il is miimtamed, Ihe more nearly per feci will 
be the results of cultivation. 

Chemical Action in the Soil. — Plants receive certain of Iheir 
constiluenis from Ihe soii, through their roots. The raw nialerials 
from which these conslituenis aie oblained are the minerals of 
the soil, the manures which aie arlificially applied, water, and 
certain substances which are taken from Ihe air by the absorptive 
action of Ihe soil, or are brought to it by rains, orby water flowing \m3} 
over the surface from other land. 

The mineral matlers, which constitute Ihe ashes of plants, 
when burned, are not mere accidental impurities which happen 
to be carried into Iheir rools in solution in the water which 
supplies the sap, although they vary in character and proportion 
with each change in the mineral composition of the soiL It is 
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proven by chemical analysis, tlial tlie composition of the a^hes, 
no! only of different species of planl^, but of differeni parts of 
the same plant, have distinctive chiiracters, — some being rich in 
phosphales, and others in silex; some in potash, and others in 
lime, — iind ihal these characters are in a measure Ihe same, in 
the same plants or parls of plains, wilhoul especial reference to 
the soil on which Ihey grow. The minerals which form the ashes 
of plants, conslilule but a very small pari of the soil, and they 
are very spai'sely dislributed ihroughout Ihe mass; existing in Ihe 
interior of ils particles, as well as upon their surfaces. As rools 
cannol penetrate to the interior of pebbles and compact particles 
of earlh, in search of Ihe food which Ihey require, but can only 
take that which is exposed on iheir surfaces, and, as Iheoxydizing 
effect of atmospheric air is useful in preparing Ihe crude minerals 
for assimilation, as well as in decomposing the particfes in which 
they are bound up, — a process which is allied to Ihe rusting of 
melals, — ihe more freely atmospheric air is allowed, or induced, 
to circulate among Ihe inner portions of the soil, the more readily 
are its fertilizing parts made available for the use of roots. By no 
other process, is air made to enter so deeply, nor to circulate so 
readily in the soil, as by under -draining, and Ihe deep cultivation 
which under -draining facilitates. 

Of the manures which are applied to the land, those of a 
mineral character are affected by draining, in Ihe same manner as 
IP44] the minerals which are native to the soil; while organic, or animal 

and vegetable, manures, (especially when applied, as is usual, in 
an incompletely fermented condition,) absolutely require fresh 
supplies of atmospheric air, to continue the decomposition which 
alone can prepare them for their proper effect on vegetation. 

If kept saturated with water, so that the air is excluded, animai 
manures lie nearly inert, and vegetable matters decompose but 
incompletely, — yielding acids which are injurious to vegetation, 
and which would not be formed in the presence of a sufficient 
supply of air. An instance is cited by H. Wauer where sheep 
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dung wiis preserved, for five yeiirs, by excessive moislure, which 
kepi it from ihe air. If ihe soil be saturated wilh wiiter in the 
spring, and, in summer, (by the compacting of ifs surface, which 
is caused by evaporation,) be closed againsi the entrance of air, 
manures will be but slowly decomposed, and will acl but im- 
perfectly on Ihe crop, — if, on Ihe other hand, a coniplele system 
of drainage be adopted, manures, (and the roots which have 
been left in the ground by Ihe previous crop,) will be readily 
decomposed, and wiil exercise Iheir full influence on Ihe soil, 
and on Ihe plants growing in il. 

Again, manures are more or less effective, in proportion as 
they are more or less thoroughly mixed with the soil. In nn 
undrained, relenlive soil, it is nol oflen possible lo attain that 
perfect tUlti^ which is best suiled for a proper admixture, and 
which is easily given after thorough draining. 

The soil must be regarded as the laboratory in which nature, 
during Ihe season of growth, is carrying on Ihose hidden, bill 
Indispensable chemical separations, combinalions, and re-com- 
bmations, by which the earth is made lo bear lis fruils, and to 
sustain ils myriad life. The chief demand of this laboratory is for 
free ventilation. The raw malerial for ihe work is at hand, — as |045i 
well in Ihe wet soil as in the dry; bill the door is sealed, the 
damper is closed, and only a stray whiff of air can, now and 
then, gam entrance, — only enough lo commence an analysis, or 
a combinalion, which is choked off when half complele, leaving 
food for sorrel, bul making none for grass. We musi Ihrow open 
door and window, draw away the water in which all is immersed, 
lei in the air, with its all destroying, and, therefore, all re-crealing 
oxygen, and leave the forces of nature's beneficenlchemislry free 
play, deep down in the ground. Then may we hope for the full 
benefit of the fertilizing matters which our good soil contains, 
and for Ihe full effecl of Ihe manures which we add. 

With our land thoroughly improved, as has been described, we 
may carry on the operations of faiming with as much certainty 
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of success, and with as greal immuniry from the ill effects of 
unfavorable weiilher, as can be expected in any business, whose 
results depend on such a variety of circumslances. We shall have 
substituted certainty for chance, as far as it is in our power to do 
so, and shall have made farminE an arl, ralher Ihan a venture. 



[□46] 



CHAPTER III. - HOW TO GO TO 
WORK TO LAY OUT A SYSTEM 
OF DRAINS. 



How to lay out the drains; where to place the outlet; where to 
locate the main collecting lines; how to arrange Ihe laterals which 
aie lo lake ihe water from the soil and deliver it at Ihe mains; 
how deep to go; at what intervals; what fall lo give; and whal 
sizes of tile lo use, — Ihese are all questions of greal importance 
to one who is about to drain land. 

On Ihe proper adjustment of these points, depend the economy 
and ejfectiveness of Ihe work. Time and atlention given to thera, 
before commencing aclual operalions* will prevent waste and 
avoid failure. Any person of ordinary inlelligence may qualify 
himself to lay oul under-drains and to super inlend their con slruc- 
lion, — but Ihe knowledge which is required does nol come by 
nature. Those who have nol the lime for the necessary sludy 
and praclice to make a plan for draining iheir land, will find it 
economical lo employ an engineer for ihe purpose. In ihis era of 
railroad building, there is hardly a county in America which has 
not a practical surveyor, who may easily qualify himself, by a 
study of the principles and direclions herein sel forlh, to lay oul 
an economical plan for draining any ordinary agriculliiral land, 
to stake the lines, and lo determine the grade of the drains, and 
the sizes of lile wilh which they should be furnished. |(i47| 

On this subjecl Mr. Gisborne says; "If we should give a 
stimulus to amateur draining, we shall do a great deal of harm. 
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We wish we could publish a list of Ihe moneys which have 
been sqiuindered in Ihe las! 40 yeiirs in iimateiir draining, eilher 
ineffectually or wilh very imperfect efficiency. Our own name 
would be inscribed in ihe list for a very respectable ^um. Every 
thoughtless squire supposes Ihat, with the aid of his ignorant 
bailiff, he can effect a perfect drainage of his estate; but Ihere 
is a worse man behind the squire and the bailiff^ — the draining 
conjuror. *'*■■*■■*■!' These fellows never go direct about their 
work, [f they attack a spring, Ihey iry to circumvent il by some 
circuitous route. They never can learn that nature shows you 
Ihe weakesi point, and that you should assist her, — that hit him 
straight in the eye is as good a maxim in draining as in pugilism. 
' ^ "^ ' ^ " If you wish lo drain, we recommend you lo lake 
advice. We have disposed of the quack, but there is a facuUy, 
not numerous but exiending, and whose extension appears to us 
to be ind ispensable to the satisfaclory progress of improvemenis 
by draining^ — a faculty of draining engineers. If we wanted a 
profession for a lad who showed any congenial taleni, we would 
bring him up to be a draining engineer." He then proceeds lo 
speak of his own experience in the matter, and shows thai, after 
more Ihan thirty years of mlelligenl praclice, he employed Mr. 
Josiah Parkes to lay oul and superintend his work, and thus 
effected a saving, lafler paying all professional charges,) of fully 
twelve per cent, on the cosi of the draining, which was, at Ihe 
same time, belter execuled than any Ihal he had previously done. 

II is probable that, in nearly all amateur draining, the unnec- 
essary frequency of the lateral drains; the extravagani size of Ihe 
pipes used; and Ihe number of useless angles which resull from 
an unskillful arrangement, would amount to an expense equal lo 
PMB] ten limes Ihecosi of the proper super inlendence, to say nolhingof 

Ihe imperfecl manner in which Ihe work is execuled. A common 
impression seems to prevail, ihal if a 2 -inch pipe is good, a 3-inch 
pipe musi be belter, and Ihat, generally, if draining is worlh doing 
al all, il is worlh overdoing; while Ihe great importance of having 
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perfectly filling connections isnot readily perceived. The general 
result is» ihiit mosi of Ihe tile-draining in thiscoiinlry has been too 
expensive for economy, and loo careless for lasting efficiency. 

It is proposed logive^ in ihi^chapter^ as complete a description 
of the preliminary engineering of draining as can be concenlrated 
within a few pages, and a hope is enlertamed, thai il will» al 
least, convey an idea of Ihe importance of giving a full measure 
of thought and ingenuity to the maturing of Ihe plan, before the 
execulion of Ihe work is commenced. "Farming upon paper" has 
never been held in high repute^ but draining upon paper is less a 
subject for objection. With a good map of Ihe farm, showing the 
comparative levels of outlet^ hill» dale, and plain, and the sizes 
and boundaries of the different in closures, a profitable winter 
may be passed, — with pencil and rubber, — in deciding on a plan 
which will do the required work with the least possible length of 
drain, and which will require Ihe least possible extradeepcutling; 
and in so arranging ihe main drains as to require Ihe smallesi 
possible amouni of Ihe larger and more cosily pipes; or, if only 
a pari of the farm is to be drained during the coming season, 
in so arranging the work thai it will dovetail nicely with fulure 
operalions. A mislake in actual work is cosily, and, (being buried 
under ihe ground,) is not easily detecled, while errors in drawing 
upon paper are always obvious, and are remedied without cost. 

For the purpose of illustrating the various processes connected 

with Ihe laying oul of a system of drainage, Ihe mode of operalmg 

on afield often acres will be detailed, in conneclion with a series |D491 

of diagrams showing Ihe progress of Ihe work. 

A Map or the Land is first made, from a careful survey. This 
should be plolled lo a scale of 50 or 100 feet to the inch,' and 
should exhibit Ihe localion of obstacles which may inlerfere with 

Ihe regularity of the drains, — such as large Irees, rocks, elc, and 



The m[ip& m ihis book arc, for convenience, drawn lo u scjie of 160 feel lo 
■he inch. 



42 Draining for Profit^ and Draining for Heallh 

the exisling swamps, water courses, springs, and open drains. 
(Fig. 4.) 

The nexf step is to locate the contour lines of the land, 
or the lines of equal elevation* — also called the horizontal 
tines, — which serve to show the shape of the surface. To do 
this, stake off the field into squares of 50 feet, by first running 
a batte line through the center of the greatest length of the field, 
marking it with stakes at intervals of 50 feet, then stake other 
lines, also at intervals of 50 feet, perpendicular to the base line, 
and then note the position of the stakes on the maps; next, by the 
aid of an engineer's level and staff, ascertain the height, (above 
an imaginary plain below the lowest part of the field,) of the 
surface of the ground at each stake, and note this elevation at 
its proper point on the map. This gives a plot like Fig. 5. The 
best instrument with which to take these levels, is the ordinary 
telescope-level used by railroad engineers, shown in Fig. 6, 
which has a leiescope with cross hairs intersecting each other 
in the center of the line of sight, and a "bubble" placed exactly 
parallel to this line. The instrument, fixed on a iripod, and so 
adjusted that it will turn to any point of the compass without 
disturbing the position of the bubble, will, (as will its "line of 
sight,") revolve in a perfectly horizontal plane. It is so placed 
as to command a view of a considerable stretch of the field, and 
its height above the imaginaiy plane is measured, an attendant 
places next to one of the stakes a levelling rod, (Fig. 7,) which 
[052] is divided into feet and fractions of a foot, and is furnished with 

a movable target, so painted that its center point may be plainly 
seen. The attendant raises and lowers the target, until it comes 
exactly in the line of sight; its height on the rod denotes the height 
of the instrument above the level of the ground at that stake, and, 
as the height of the instrument above the imaginary plane has 
been reached, by subtracting one elevation from the other, the 
operator determines the height of the ground at that stake above 
the imaginary plane, — which is called the "datum line." 
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Fig. 5 - MAP WITH 50-FOOT SQUARES, AND CONTOUR 

LINES. 



45 




Fig. 6 - LEVELLING INSTRUMENT."^ 

The next aperalioa h ta trace, on Ihe plan, lines following 
Ihe same level, wherever the land is of Ihe proper height for 
its surface lo meet Ihem. For the purpose of illustrating this 
operation, lines at mtervali of elevation of one foot are traced on \<)Si, 
the plan in Fig. E. And these lines show, with sufficient accuracy 
for practical purposes, the elevation and rate of inclination of 
all parts of the field, — where it is level or nearly io» where its 
Tlse is rapids and where slight. As the land rises one foot from 
the position of one line to the position of the line neAt above it, 
'Ahere the ditJiance from one line to the next is great, the land is 
more nearly level, and when it is short the inclination i^ tJteeper. 
For instance, in the southwest corner of the plan, Ihe land is 
nearly level to the 2-foot line; it rises slowly to Ihe center of 
the field, and to the eastern side about one-fourth of the distance 
from the southern boundary, while an elevation coming down 
between these two valleys, and others skirting the west side of 
the former one and the southern side of the latter, are indicated 
by the grealer nearness of the lines. The points at which the 
contour lines cross the section lines are found in the following 
manner: On the second linefrom the west side of Ihe field we find 
the elevations of Ihe 4th, 5lh and 6th slakes from Ihe southern 
boundary to be 1.9, 3.3, and 5.1 . The contour lines, representing 
points of elevation of 2, 3, 4, and 5 feet above the datum /me?, will 
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Fig. 7 - LEVELLING ROD. 
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cross the 50-fool lines al Iheir inlersections, only where Ihesc 
inlerseclions are marked in even feeL When ihey iire marked 
with fractions of a foot, the lines musi be made to cros? iit points 
between two inlersections, — nearer lo one or the other, according 
to their elevations, — thus between \ .9 and 3.3, the 2-foot and 
3-fool contour lines must cross. The total difference of elevation, 
between the two points is 3.3 — 1 .9=1 .4; 10/14 of the space must |ii55| 
be given to the even foot between the lines, and Ihe 2-foot line 
should be 1/14 of the space above the point 1.9; — the 3-foot line 
will then come 3/14 below the point 3.3. In the same manner, the 
line from 3.3 lo 5.1 is divided into 18 parts, of which 10 go to 
the space between the 4. and 5. lines, 7 are belween 3.3 and the 
4-foot line, and 1 between the 3-foot line and 5. 1 . 

With these m<^s, made from observations taken in the field, 
we are prepared to lay down, on pi^er, our system of drainage, 
and to mature a plan which shall do the necessary work wilh the 
leasl expenditure of labor and material. The more thoroughly 
this plan is considered, Ihe more economical and effective will 
be the work. Having already obtained the needed information, 
and having it all before us, we can determine exactly Ihe location 
and size of each dram, and arrange, before hand, for a rapid and 
salisfactory execution of the work. The only Ihing that may in- 
terfere with the perfecl application of the plan, is Ihe presence of 
masses of underground rock, within the depth lo which Ihe drains 
aie to be laid.^ Where these are supposed to exist, soundings 
should be made, by driving a 3/4-inch pointed iron rod lo the 
rock, or lo adeplh ofjiife feet where the rock falls away. By this 
means, measuring Ihe distance from Ihe sonndings lo the ranges 
of the slakes, we can denote on Ihe map ihe shape and deplh of 
sunken rocks. The shaded spot on the east side of the map, (Fig. 
S,) indicates a rock three feel from the surface, which will be 



^ The slighl dcviiiliori'v cuuscd by cairymg Ihe drains around \aigc ^onc5, 
which arc found m ciilling ihc duchc^, do no! affcci Ihe general airacigcjncnl 

of Lhc hcics. 
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Fig. S - MAP WITH CONTOUR LINES. 
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atjsumed lo have been explored by iounding. 

In moslc jses» it will be iufficient lo have contour lines taken 
only at intervals of two feet, and, owing to the smallness of the 
scale on which these maps are engraved, and to avoid corapli- 
calion in the finished plan, where so much else musi be shown, 
each allernate line is omilted. Ofcourse, where drains are al once 
staked out on the land^ by a practiced engineer^ no contour lines 
are taken, as by the aid of the level and rod for the flatter portions, 
and by the eye alone for the steeper slopes, he will be able at 
OQce to strike the proper locations and directions; but for one of 
less e}(perience, who desires lo thoroughly mature his plan before 
commencing, they are indispensable; and their introduction here 
will enable the novice to understand, more clearlv than would 
otherwise be possible, the principles on which the plan should be 
made. 



ro.sti 




<ii III. Hi-. i>i I ■rtiii^ailaE] 

Fl2. 9 -WELL'S CLINOMETER. 



For prellminarv examinations, and for all purposes in which 
great accuracy is not required, the little instrument shown in 
Fig. 9, — "Wells' Clinometer," — is exceedingly simple and con- 
venient. Its essential parts are a flat side, or base, on which it 
stands, and a hollow disk just half filled with some heavy liquid. 
The glass face of the disk is surrounded by a graduated scale 
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thai marks Ihe angle al which The surfiice of Ihe liquid stands, 

wilh reference lo The flat base. The line 0. 0. being parallel 

to the base^ when the liquid stands on that line, ihe fliit side is 

horizontal; ihe line 90. 90. being perpendicular lo Ihe base, 

when Ihe liquid stands on Ihat line, the flat side is perpendicular 
or plumb. In like manner, Ihe inlervening angles are marked, 
and, by the aid of the following lables, the inslrument indicates 
the rate of fall per hundred feet of horizontal measurement, and 
per hundred feel measured upon the sloping line. 

Table No. I shows the rise of Ihe slope for 100 feet of Ihe 
horizontal measurement. Example: If the horizontal distance is 
100 feet, and ihe slope is at an angle of 15", the rise will be 
17-633/1000 feel. 

Table No. 2 shows the rise of the slope for 100 feel of its own 
length. If the sloping line, (at an angle of 15%) is 100 feet long, 
il rises 25.882 feel. 



TABLE No. 1 


Dec. 


Feet. 


5 


8.749 


10 


17.663 


15 


26.795 


20 


36.397 


25 


46.631 


30 


57.735 


35 


70.02 ] 


40 


83.910 


45 


100.— 


50 


119.175 


55 


142.815 


60 


173.205 


65 


214.451 



The low price al which ihii insliumcnl is sold, $1.50, places il wilhiu (he 
reach of all. 
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70 


274.748 


75 


373.205 


SO 


567.128 


85 


1143.01 


TABLE No. 2 


Dec. 


Feet. 


5 


8.716 


10 


17.365 


15 


25.882 


20 


34.202 


25 


42.262 


30 


50.— 


35 


57.358 


40 


64.279 


45 


70.711 


50 


76.604 


55 


81.915 


60 


86.602 


65 


90.631 


70 


93.969 


75 


96.593 


80 


98.481 


85 


99.619 



With Ihe maps before him» showing the surface features of the 
field, aiid the posilion of the under-ground rock, the drainer will 
have to consider the following points: 

1. Where* and at what depth, shall the outlet be placed? 

2. What shall be the location, the length and the depth of the 
main drain? 

3. What subsidiary mains, — or collecting drains, — shall con- 
Dcct the minor valleys with the main? 
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4. Whal may best be done lo collect the waler of large springs 
and cairy it awiiy? 

5. What provision is necessary to collect the water that flows 
[058] over the surface of out-cropping rock, or along springy lines on 

^ide hills or under banks? 

6. What should be the depth, the distance aparU the direction, 
and the rate of fatl^ of Ihe lateral drains? 

7. What kind and sizes of lile should be used lo form Ihe 
conduils? 

8. What provision should be niade to prevent the obstruction 
of Ihe drains, by an accumulalion of silt or sand« which may 
enter the tiks immediately afler they are laid» and before Ihe 
earth becomes compacted aboul Ihem; and from Ihe enlrance of 
vermin? 

1 . The oullet should be at the lowest point of Ihe boundary, 
unless^ (for some especial reason which does not exist in Ihe 
case under consideralion, nor in any usual case,) it is necessary 
to seek some olher Ihan the nalLiral oulfall; and il should be 
deep enough lo lake the water of the main drain, and laid on a 
sufficient inclination for a free flow of the water. It should, where 
sufficient fall can be oblamed without loo greal cosi, deliver Ihis 
water over a step of al leasl a few inches in height, so that ihe 
aclion of the drain may be seen, and so thai il may not be liable 
to be clogged by the accumulation of silt» (or mudj in the open 
ditch inio which it flows. 

2. The main drain should, usually, be run as nearly in ihe 
lowest part of the principal valley as is consislent with tolerable 
straightness. II is belter to cut across the point of a hill, lo 
the extern of increasing the deplh for a few rods, than to go a 
long dislance out of Ihe direct course lo keep in Ihe valley, bolh 
because of the cost of the large lile used in the main« and of the 
loss of fall occasioned by Ihe lenglhening of the line. The main 
should be continued from the outlel to the point at which it is 
mosi convenient to colled ihe more remote sub-mains* which 
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brill ° togelher Ihe wnler of several ieXs of lalerah. Ati iE the case 
in the irnci under consideration, ihe deplh of the mdin is often 
restricted, in nearly level land, toward Ihe upper end of the flal 
which lies next to the oullet* bv Ihe necessilv for ti fall and the [059] 
difficully which often e\isls in securing ei sufficiently low oullel. 
In such case, Ihe only rule is lo make il as deep as p'^s^it^l^- 
When the faU is sufficient, it should be placed al such depth as 
will allow the laterals and sub-mains which discharge inio il to 
enter al lis top, and discharge above Ihe level of the waler which 
flo'A's Ihrough iL 




Fig. 10 -STONE PITTO CONNECT SPRING WITH 
DRAIN. 



3. Subsidiary mains, or sub-mains, conned in g with ihe main 
drams, should be run up ihe minor valleys of die land, skirling 
Ihe bases of the hills. Where the valley is a flal one, Wilh rising 
ground al each side, there should be a sub-main, to receive the 
lalerals from each hill side. As a general rule, it may be slaled, 
ihat the colleclmg dram al Ihe fool of a slope should be placed 
OQ the line which is first reached by the water flowing directly 
down over its surface* before it commences its lateral movement 
down the valley; and il should, if possible, be so arranged Ihat il 
shall have a uniform desceni for its whole distance. The proper 
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arriingemenl of Ihetie collecting drains requires more skill and 
experience dion on^ other branch of the work, for on iheir d impo- 
sition depends, in a grent measure^ the economy and success of 
the undertaking. 

4. Where springs esisL diere should be some provision made 
for collecting their water in pits filled v^iXh ioose stone, gravel, 
brush or other rubbish, or furnished with several lengths of tile 
set on end, one above the other, or wilh a barrel or other vessel; 
and a line of tile of proper size should be run directly to a main, 
or sub-main drain. The manner of doing this by means of a pit 
filled with stone is shown in Fig. 10. The collection of spring 
water in a vertical tile basin is shown in Fig. I 1 . 




Fig. I 1 - STONE AND TILE BASIN FOR SPRING WITH 

DRAIN. 



5. Where a ledge of shelving rock, of considerable size, occurs 
on land to be drained, it is best to make some provision for 

collecting, at its base, the water flowing over its surface, and 
taking it at once into the drains, so that it may not make the land 
near it unduly weL To effect this, a ditch should be dug along 
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the base of the rock, iind quite down to rV, considerably deeper 
Ihan ihe level of Ihe proposed diiimage; and this should be filled 
v^ith small stones lo that level, with a line of tile laid on lop 
of Ihe stones, a uniform boltom for the tile to rest upon being 
formed of cheap strips of board. The tile and stone should then 
be covered with inverled sods, wilh wood shavings, or wilh olher 
suited Fe malerial, which will prevent the entrance of earth, (from 
the covering of the dram,) to choke them. The water, following 
down the surface of the rock, will rise ihroiigh Ihe stone work 
and» enlering the tile, will flow off. This method may be used for 
springy hill sides. 

6. The points previously considered relate only to the col- [06ii 
lection of unusual quantilies of water, (from springs and from 
rock surfaces,) and to the removal from the land of what is thus 
collecled, and of that which flows from the minor or lateral 
drains. 

The iateta! drains themselves conslitute the real drainage of 
the field, for, although main lines take water from the land 
on each side, their action in this regard is not usually consid- 
ered, in determining either their deplh or their location, and 
they play an exceedingly small part in the more simple form 
of drainage, — ihat in which a large tract of land, of perfectly 
uniform slope, is drained by parallel lines of equal length, all 
discharging into a single main, running across the foot of the 
field. The land would be equally well drained, if the parallel lines 
were continued to an open dilch beyond its boundary, — the main 
tile drain is only adopted for greater convenience and security. 
It will simplify ihe question if, in treating Ihe iheoiv of lateral 
drains, it be assumed ihal our field is of this uniform inclination, 
and admits of the use of long lines of parallel drains. In fact, 
it is best in practice to approximate as nearly as possible to this 
arrangement, because deviations from il, though always neces- 
sary in broken land, are always more expensive, and present 
more complicated engineering problems. If all the land to be 
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drained had n uniform fall, iit n single direclion, there would 
be but lillle need of engineering skill, beyond ihiil which is 
required to establish the depth, fall* and disliince iipart, st which 
the drains should be liiid. It is chiefly when the land pitches 
in different directions, and with varying inclination, that only 
a person skilled in Ihe arrangemeni of drains, or one who will 
give much consideration to the subject, can effecl the greatest 
economy by avoiding unnecessary complicalion, and secure Ihe 
grealest efficiency by adjusling Ihe drains to the requiremenis of 
the land. 

Assuming the land to have an unbroken inclination, so as lo 
ipfi2] require only parallel drains, it becomes imporlant to know how 

these parallel drains, (corresponding to the tateia! drains of an 
irregular system,) should be made. 

Thehislory of land draining is a history of the graduaf progress 
of an improveraenl, from the accomplishment of a single pur- 
pose, lo the accomplishment of several purposes, and mosi of ihe 
inslruclion which modern agricultural writers have given con- 
cerning it, has shown loo great dependence upon the teachings of 
their predecessors, who considered well the single object which 
they sought lo altain, but who had no conception Ihat draining 
was to be so generally valuable as it has become. The effort, 
{probably '.m unconscious one,) to make Ihe theories of mod- 
ern thorough-d raining conform to those advanced by the early 
practitioners, seems lo have diverted attention from some more 
recently deveioped principles, which are of much importance. 
For example, about a hundred years ago, Joseph Elkington, of 
Warwickshire, discovered that, where land is made too wet by 
under-ground springs, a skiilfiil lapping of these, — drawing off 
their water through suitable conduits, — would greatly relieve the 
land, and for many years the Elkington System of drainage, 
being a great improvement on every thing theretofore practiced, 
naturally occupied Ihe attention of the agricultural world, and 
the Board of Agriculture appointed a Mr. Johnstone lo study Ihe 
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process, and write a treatise on the subject. 

Catch-waler drains, made so iis to inlercepi a flow of surface 
wiiter, hiivebeen in use from immemorial time, iind are described 
by the earliest wrilers. Before the advent of ihe Draining Tile, 
covered drains were furnished with stones, boards, brush, weeds, 
and various other rubbish, and their good effecl, very properly, 
claimed the attenlion of all improvers of wet land. When Ihe tile 
first made its appearance in general practice, it was of what is 
called the "horse-shoe" form, and, — imperfect though it was, — it 
was beller than anylhing that had preceded it, and was received 
with high approval, wherever it became known. The general use [ofisj 
of all Ihese materials for making drains was confined to a system 
of /K7/?i(7/ drainage, until ihe publication of a pamphlet, in I 833, 
by Mr. Smith, of Deanston, who advocated Ihe drainage of the 
whole field, wilhout reference to springs. From this plan, but 
with imporlant modificalions in mailers of detail, the modern 
system of tile draining has grown. Many able men have aided 
its progress, and have helped to disseminate a knowiedge of its 
processes and its effecis, yet there are few books on draining, 
even the most modern ones, which do nol devole much altenlion 
to Elkinglon's discovery; lo the various sorts of stone and brush 
drains; and lo Ihe manufaclure and use of horse-shoe lile; — nol 
Irealing them as matters of antiquarian interest, but repeating the 
instructions for iheir applicalion, and allowing the reasoning on 
which Iheir early use was based, to influence, oflen to a damaging 
exteni, their general consider alien of Ihe modern practice of tile 
draining. 

These processes are all of occasional use, even at this day, bul 
ihey are based on no fixed rules, and are so much a matter of tra- 
ditional knowledge, wilh all farmers, Ihat instruction concerning 
them is nol needed. The kind of draining which is now under 
consideralion, has for its objecl the complete removal of all of 
the surplus water thai reaches the soil, from whatever source, and 
the assimilation of all wet soils to a somewhat uniform condition. 
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as to the ease with which waler passes through tliem. 

There are inslances, as has been shown* where a large spring, 
overflowing a considerable area, or supplying the water of an 
annoying brook, oughl to be directly connected with the under- 
ground drainage, and lis flow neally carried away; and, in olher 
cases, the surface flow over laige masses of rock should be given 
easy enlrance inio the lile; but, in all ordinary lands, whether 
swamps, springy hill side^, heavy clays, or lighl ^oils lying on 
IP64] retentive subsoil, all groimd, in fad, which needs under-draining 

al all, should be laid dry above the level lo which il is deemed 
best lo place the drains; — not only secured against the wetting 
of springs and soakage waler, but rapidly relieved of the water 
of heavy rains. The water lable, in short, should be lowered 
to the proper depth, and, by permanent outlets at thai deplh, be 
prevenled from ever rising, for any considerable lime, lo a higher 
level. This being accomplished, il is of no consequence lo know 
whence the waler comes, and Elkinglon's system need have no 
place in our calculalions. As round pipes, with collars, are far 
superior lo the "horse-shoe" tiles, and are equally easy lo obtain, 
il is not necessaiy lo consider Ihe manner in which these latter 
should be used, — oniy to say ihal they oughl not to be used al all. 

The waler which falls upon Ihe surface is al once absorbed, 
settles through the ground, until il reaches a point where Ihe soil 
IS completely saluraled, and raises ihe general water level. When 
this level reaches Ihe floor of ihe drains, the waler enters al [he 
joints and is cairied off. That which passes down ihrough ihe 
land lying between the drains, bears down upon Ihat which has 
already accumulated in the soil, and forces il to seek an outlel by 
rising into ihe drains.' For example, if a barrel, slandmg on end, 
be filled with earth which is saturated with water, and its bung 
be removed, Ihe water of saturation, (Ihat is, all which is not held 
by attraction in Ihe particles of earlh,) will be removed from so 



E^ccpl from qirilc ucjt lo <hc dram. M I a nol probable ihal ihc ^v Jlcr in ihc 
ioi] iun5 lulcralj^ lo^taida il. 
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much of the mas? a? lies above Ihe botlom of Ihe bun°-hole. If a 
bucket of Wilier be now poured upon ihe top, il will not all run 
diagonally toward Ihe opening; il will trickle down to the level 
of the water remaining in Ihe barrel* and this level will rise and 
water will run off at the botlom of Ihe orifice. En ihis manner, 
Ihe waler, even below the drainage level, is changed wilh each [065] 
addition at the surface. In a barrel filled Wirh coarse pebbles, the 
water of saluralioa would maintain a nearly level surface; if the 
material were more compaci and relenlive, a Irue level would 
be altained only afler a considerable lime. Toward ihe end of 
ihe flow, Ihe water would stand highest at the points furlhesi 
distani from the outlel. So, in the land, afler a drenching rain, the 
water is fir si removed lo ihe full depth, near ihe line of ihe drain. 
and ihal midway belween two drains settles much more slowlv- 
meeting more resistance from below, and, for a long time, will 
remain some inches higher dian the floor of ihe drain. The usual 
condilion of the soil, (excepi in very dry weather,j would be 
somewhal as represented in the accompanying cut, (Fig. 12.) 




Fig, 12 - LINE OF SATURATION BETWEEN DRAINS. 

YY ufe rhe drains s. ^^^ curved line b is the fine of saluiadon, 
wiiich lias descended from a, and \s approaching c. 

To provide for this deviation of Ihe line of saluration, in 
praclice. drains are pi deed deeper [han would be necessary if the 
water sunk at once lo the level of the drain floor, ihe deplh of 
Ihe drains being increased wilh Ihe increasing distance belween 
them. 

Theoreticallv,evervdrDpof water which falls on afield should 
sink straight down lo the level of the drains, and force a drop of 
water below that level lo rise into the drain and flow off. How 
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exactly Ihis is true in nalurecannol be known* iind is not mater iiil. 
Drains niiide in pursimnce of Ihis theory will be effective for any 
IP66] actual condition. 

The depth to which the water (able should be withdrawn 
depends, not al iill on the chaiacler of Ihe ^oil, bul on Ihe re- 
quirements of Ihe crops which ai"e to be grown upon il, and ihe^e 
requirements are the same in all soils, — consequenlly the deplh 
should be the same in all. 

Whal, then, shall that depth be? The usual practice of Ihe most 
experienced drainers seems to have fixed four feet as about ihe 
proper depth, and the arguments against anything less than this, 
as well as some reasons for supposing that to be sufficient, are 
^o clearly slaled by Mr. Gisborne thai it has been deemed best lo 
quote his own words on ihe subjecl: 

"Take a flower-pol a foot deep, filled wilh dry soil. Place 
il in a saucer conlaining three inches of waler. The fu-st effect 
will be, Ihat Ihe water will rise Ihrough the hole in Ihe botlom 
of the pot lill Ihe water which fills Ihe interstices belween ihe 
soil is on a level with the waler in the saucer. This effect is by 
gravity. The upper surface of this water is our waler-table. From 
il water will ascend by atlraclion through the whole body of soil 
till moislLire is appareni al Ihe surface. Pul in your soil al 60°, a 
reasonable summer heat for nine inches in deplh, your water at 
47% the seven inches' temperature of Mr. Parke's und rained bog; 
the attracled waler will ascend at 47°, and will diligently occupy 
ilself in allempling lo reduce ihe 60° soil lo its own lemperalure. 
Moreover, no sooner will the soil hold water of atlraclion, than 
evaporalion will begin lo carry it off, and will produce Ihe cold 
conseqiienl thereon. This evaporated water will be replaced by 
waler of altr action at 47°, and this double cooling process will go 
on till all the water in the waler-lable is exhausled. Supply water 
to the saucer as fast as il disappears, and then Ihe process will be 
perpetual. The system of saucer -watering is reprobated by every 
intelligent gaidener; il is found by experience lo chill vegetation; 
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besides which, scarcely any cullivaled plonlcan dip its roots into |067| 
stagnanl waler with inipumly. Exaclly the process which we 
have described in the flower-pol is constantly in operation on an 
undrained retentive soil; the water-table may not be within nine 
Inches of the surface, but in very many instances it is wilhin a 
foot or eighleen inches, at which level the cold surplus oozes 
inio some ditch or olher superficial outlel. At eighteen inches, 
iittraclion will, on the average of soils, acl with considerable 
power. Here, Ihen, you have two obnoxious principles at work, 
both producing cold, and Ihe one adminislering to the other. 
The obvious remedy is» to destroy their united action; to break 
through Iheir line of communication. Remove your water of 
attraclion to such a depth that evaporation cannol act upon il, 
or but feebly. What is that depth? In ascertaining this point 
we are not altogether without data. No doubt depth dhninishes 
the power of evaporation rapidly. Still, as water laken from a 
30-inch dram is almost invariably two or three degrees colder 
than water tdcen from four feet, and as this latter is generally one 
or two degrees colder than waler from a contiguous well several 
feet below, we can hardly avoid drawing the conclusion Ihat the 
cold of evaporation has considerable influence al 30 inches, a 
much-diminished influence at four feet, and little or none below 
that deplh. If Ihe water-table is removed to the depth of four feet, 
when we have allowed IS inches of atlraclion, we shall slill have 
30 inches of defence againsi evaporation; and we are inclined 
to believe that any prejudicial combined action of attraction and 
evaporation is (hereby well guaided against. The facts stated 
seem to prove thai ies^ will not suffice. 

"So much on ihe score of temperature; bul this is nol all. Do 
the roots of esculenis wish lo penetrale inIo the earlh — al least, 
to the depth of some feet? We believe thai Ihey do. We are sure 
of Ihe brass ica Iribe, of grass, and clover. All our experience and lobai 
observalion deny Ihe doctrine lhat rools only ramble when Ihey 
are stinted of food; lhat six inches well manured is quite enough. 
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belter than more. A^k Ihe Jeiseyman ; he will show you a parsnip 
as ihick us your ihigh, and as long as your leg, iind will lell you 
of the advantages of 14 feet of dry soil. You will hear of parsnips 
whose roots descend to unsearchable deplhs. We will nol appeal 
to Ihe Kentucky carrot, which was drawn out by its roots at ihe 
antipodes; bnl Mr. Mechi's, if we remember right, was a dozen 
feet or more. Three years ago, in a midland county, a field of 
good land, in good cultivation, and richly manured, produced 
a heavy crop of cabbages. In November of that year we saw 
that field broken into in several places, and at the depth of four 
feet the soil (a tenacious marl, fully stiff enough for brick-earth) 
was occupied by the roots of cabbage, not sparingly — nol mere 
capillic — bill fibres of the size of small pack-lhread. A farmer 
manures a field of four or five inches of free soil reposing on a 
retentive clay, and sows il with wheat. II comes up» and between 
the kernel and Ihe manure, il looks well for a lime, but anon 
il sickens. An Irish child looks well for five or six years, but 
after that time potato -feeding, and filth, and hardship, begin lo 
tell. You ask whal is amiss wilh the wheat, and you are told Ihat 
when ils roots reach Ihe clay, they are poisoned. This field is 
then ihorough -drained, deep, at ieasi four feel. It receives again 
from the cultivator the previous treatmeni; the wheat comes up 
well, mainlains throughoul a heallhy aspect, and gives a good 
return. What has become of the poison? We have been lold 
that Ihe rain water filtered through the soil has laken il inio 
solulion or suspension, and has carried it off through the drains; 
and men who assume to be of authority pul forward Ihis as one 
[069] of Ihe advanlages of draining. If we believed it, we could not 

advocate draining. We really should not have the face to tell 
our readers that water, passing through soils containing elements 
prejudicial lo vegelalion, would cairy them off, but would leave 
those which are beneficial behind. We cannol make our water 
so discriminating; Ihe general meril of waler of deep drainage is, 
that il contains very little. Its perfeclion would be that it should 



63 



conlain nothing. We undersland that expenmenls are in progress 
which have iiscerliiined Ihjt waler, charged wilh nialters which 
are known to slimulale vegetation, when fillered through four 
feet of relentive soil, comes out pure. But lo return to our wheat. 
In the first case* it shrinks before the cold of evaporation and 
the cold of waler of attraction, and it sickens because lis feel 
are never dry; it suffers the usual maladies of cold and wet. In 
the second case, the excess of cold by evaporation is withdrawn; 
the cold water of attraction is removed oul of its way; ihe warm 
air from the surface, rushing in to supply the place of the waler 
which the drains remove, and the warni summer rams, bearing 
down with Ihem the temperalure which Ihey have acquired from 
the upper soil, carry a genial heat lo its lowesi rools. Heallh, vig- 
orous growlh, and early malurily are the nalural consequences. ' 

"The praclice so derided and maligned referring to deep drain- 
ing has advanced with wonderful strides. We remember ihedays 

of 1 5 inches; then a step to 20; a stride to 30; and the last (and 
probably final) jump to 50, a few inches under or over. We have 
dabbled in them all, generally belonging lo Ihe deep section of the 
day. We have used Ihe words 'probably final,' because the firsi 
advances were experimenlal, and, though Ihey were juslified by 
the results oblained, no one allempled lo explain the principle on 
which benefit was derived from them. The principles on which 
the now prevailing depth is founded, and which we believe to 
be true, go far lo show Ihat we have allained all Ihe advantages [oto] 
which can be derived from the removal of water in ordinary 
agricullure. We do not mean Ihal, even in Ihe mosi retentive soil, 
water would nol get inio drains which were laid somewhal deep- 
er; bul to this there must be a not very di^lant limit, because pure 
clay, lying below the depth at which wet and droughl applied al 
surface would expand and contract it, would certainly part with 
its water very slowly. We find Ihat, in coal mines and in deep 
quarries, a stratum of clay of only a few inches thick mlerposed 
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belween Iwo sliata of pervious slone will form an effectual bar 
to Ihe passage of waler; whereas, if il liiy wilhin a few feel of 
the surface, it would, in a seiison of heiit and droughl become as 
pervious as a cullender. Bui when we have got rid of the cold 
arising from Ihe evaporation of free water, liave given a range of 
several feet to llie rools of grass and cereals, and have enabled 
retentive tand to filter through ilself all the rain which falls upon 
ils surface, we are not, in our present state of knowledge, aware 
of any advantage which would arise from furlher lowering Ihe 
surface of water in agricultural land. Smith, of Deanston, first 
called prominent attention to the fertilizing effects of rain filtered 
through land, and to evils produced by allowing it lo flow off 
Ihe surface. Any one will see how much more effectually this 
benefit will be attained, and this evil avoided, by a 4-foot than 
a 2-fool drainage. The latter can only prepare two feel of soil 
for Ihe reception and relenlion of rain, which Iwo feel, being 
saturated, will rejecl more, and Ihe surplus must run off ihe 
surface, carrying whatever it can find with it. A 4-foot drainage 
will be constantly tending to have four feel of soil ready for the 
reception of rain, and it will take much more rain lo saturate four 
feel than two. Moreover, as a gimlet-hole bored four feel from 
|07i] Ihe surface of abairel filled wilh water will discharge much more 

in a given time Ihan a similar hole bored at ihe depth of Iwo feet, 
so will a 4-foot drain dischaige in a given time much more water 
than a drain of Iwo feet. One is acled on by a 4-foot, and ihe 
other by a 2 -foot pressure." 

If any single fact connected with tile-drainage is eslablished, 
beyond all possible doubl, it is ihat in Ihe stiffest clay soils ever 
cullivaled, drains four feet deep will act effectually; the water 
will find its way lo them, more and more freely and compielely, 
as the drying of successive years, and the penetration and decay 
of the rools of successive crops, modify Ihe character of the land, 
and they will evenlually be practically so porous ihal, — so far 
as the ease of drainage is concerned, — no dislinclion need, in 



65 



priictice, be niiide between them and Ihe less retenlive loams. For 
ii few yeiirs, the line of siiluralion between Ihe drains, as shown 
in Fig. I 1, may stand al all se<ison^ considerably above the level 
of Ihe boltom of Ihe tile, but il will recede year by year, until il 
will be practically level, excepi inimedialely after rains. 
Mr. Josiiih Pai'kes recommends drains to be laid 

"Al a minfnmm ifeflh cfjbtujeel^ designed wilh the Iwo-fold 
object of nol only freeing the aclive soil from stagnant and 
injurious water* but of converting ihe waler falling on the sur- 
face into an ageni for fertilizing; no drainage being deemed 
efficieni Ihat did not both remove the waler falling on the 
surfiice* and 'keep down the sublerrane^n water ^1 a depth 
exceeding the power of capillary attraction to elevate il near 
the surface.'" 

Alderman Mechi says: 

"Ask nineteen fermers out of twenty, who hold strong clay 
land, and they will tell you it is of no nse placing deep four- 
fool drains in such soils — the w^ter cannot gel in; r horse's 
fool-hole (without an opening under il) will hold water like a 
basin; and so on. Well, five minutes after, you tell Ihe same 
farmers you propose digging a cellar, well bricked, ^ix or 
eiglil feel deep; what is their remark? 'Oh! it's of no use your 
making an undeig;round cellar m our soil, you ctin'l keep She 
water qmtY Was there ever such an illustration of prejudice 
as this? Wh^t is a drain pipe but a sm^ll cellar full of air? 
Then, ^gain, common ^ense tells us, you can't keep a light 
fluid under a lie^vy one. You might as well try to keep a coii. 
under water, as to try and keep air under water. 'Oh! but then 10721 

our soil isn't porous.' If not, how can it hold waler so readily? 
I am led to Ihese observations by the strong controversy [ am 
having with some Essex folks, who protest that I am mad, 
or foohsh, for placing l-inch pii^es, al four-fool depth, in 
strong clays. It is in vain I refer to Ihe numerous proofs of 
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my soundness, brought forward by Mi". Parkes, engiueei" lo 
the Royal Agricultiii'al Society, and coiifinned by Mr. Pusey. 
They still dispute it. It is in vain I tell them I cannot keep the 
ramwalci ^^^i^ff/ socketed I'll pes, twelve feel deep, that convey 
a spring lo my farm yard. Let us try and convince this large 
class of doubters; for it is of nationaf importance. Four feet 
of good poroLis clay would afford a far better meal to some 
strong bean, or other tap roots, than the usual six inches; and 
a saving of M to %5 per acre, in drainage, is no trifle. 

"The shallow, or non-dramers, assume that tenacious sub- 
soils are impervious or non -absorbent. This is entirely an 
erroneous assumption. If soils were impervious, how could 
they get wet? 

"I assert, and pledge my agricultural reputation for the fact, 
thai there are no earths or clays in this kingdom, be they ever 
so tenacious, that will not readily receive, filter, and transmit 
rain water to drains placed five or more feet deep. 

"A neiglibor of mine drained twenty inches deep in strong 
clay; ihegroundcracked widely; the contraction destroyed the 
tiles, and the rains washed the surface soils into the cracks and 
choked the drains. He has since abandoned shallow dmning. 

"When I first began draining, I allowed myself lobe over- 
ruled by mv obshnale man, Pearson, who insisted tliat, for 
top water, two feet was a sufficient depth in a veiny soil. I 
allowed him to try the experiment on two small fields; the 
result was, fiiat notliing prospered; and I am redraming those 
fields at one-hcilj the cost, five and six feet deep, at intervals 
ofVOandBOfeet. 

"I found iron-sand rocks, strongclay, silt, iron, etc., and an 
enormous quantity of water, all befow the 2-foot drains. This 
accounted at once for the sudden check the crops alwavs met 
with in May, when they wanted lo send their roots down, but 
could not, without going into stagnant 'Aater." 

"There can be no doubt that it is the depth of the drain 
which regulates the escape of fiie surface water in a given 
time; regard being had, as respects extreme distances, to the 
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nalure of the soil, ^iid a due capacity of Ihe pipe. T!re deeper 
the drain, even in Ihe stixmgesl soils. Hie quicker Hie tvater 
escapes. This is ^ii astounding but certain fad. 

"That deep and distant dmins, where a sufficient fall can 
be obtained, are by far the most profitable, by affording to the 
roots of the plants a greater range for food." 

Of course, where the soil is underlaid by rock, less than four 
feet from the surface; and where an outlet at that depth cannot be 
obtained, we must, per force, drain less deeply, but where there |n7Ji 
exists no such obstacle, drains should be laid at a genera) depth 
of four-feet, — general, not uniform, because the drain should 
have a uniform inclination, which the surface of the land rarely 
has. 

The Distance between the Drains, — Concerning this, there 
is less unanimity of opinion among engineers, than prevails with 
regard to the question of depth. 

In tolerably porous soils, it is generally conceded that 40 or 
even 50 feet is sufficiently near for 4-foot drains, but, for the 
more retentive clays, all distances from IS feet to 50 feet are 
recommended, though those who belong to the more narrow 
school are, as a rule, extending the limit, as they see, in practice, 
the complete manner in which drains at wider intervals perform 
then work. A careful consideration of the experience of the past 
twenty years, and of the arguments of writers on drainage, leads 
to the belief that there are few soils, which need draining at all, on 
which it will be safe to place 4-fool drains at much wider intervals 
than 40 feet. In the lighter loams there aie many instances of 
the successful application of Professor Mapes' rule, that "3-foot 
drains should be placed 20 feet apart, and for each additional 
foot in depth the distance may be doubled; for instance, 4-foot 
drains should be 40 feet apart, and 5-foot drains SO feet apart." 
But, with reference to the greater distance, (SO feet,) it is not to 
be recommended in stiff clays, for any depth of drain. Where it is 
necessary, by reason of insufficient fall, or of underground rock. 
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to go only Ihree feet deep, Ihe drains should be as near togelher 
as 20 feet. 

At firsi Ihought, it may seem akin lo quackery lo recommend 
a uniform depth iind distance, withoul reference lo Ihe character 
of Ihe land lo be drained; and it is unquestionably true Ihat 
an exaci adaptalion of the work lo the varying requirements of 
different soils would be beneficial, though no syslem can be 
|0T4] adopled which will make clay drain as freely as sand. The fact 

IS, thai the adjustment of the distances between drains is very 
far from partaking of the nature of an exact science, and there is 
really very liltle known, by any one, of the principles on which 
it should be based, or of the manner in which the bearing of 
those principles, in any particular case, is affected by several 
circumslances which vary wilh each change of soil, inclinalion 
and exposure. 

In the essays on drainage which have been thus far published, 
there is a vagueness in Ihe argumenis on this branch of ihe 
subjecl, which betrays a want of defmile conviction in Ihe minds 
of Ihe writers; and which lends quite as much lo muddle as lo 
enlighlen the ideas of ihe reader. In so far as the direclions are 
given, whether forlified by argument or not, they are clearly 
empirical, and are usually very much qualified by considerations 
which weigh with unequal force in different cases. 

In laying oul work, any skillful drainer will be guided, in 
deciding Ihe dislance between Ihe lines, by a judgment which 
has grown out of his former experience; and which will enable 
him lo adapt Ihe work, measurably, lo Ihe requirements of the 
particular soil under consideration; but he would probably find 
it impossible lo so state Ihe reasons for his decision, that they 
would be of any general value lo others. 

Probably it will be a long time before rules on this subject, 
based on well sustained theoiv, can be laid down wilh distinct- 
ness, and, in the mean lime, we must be guided by the results of 
practice, and must confine ourselves to a dislance which repealed 
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triiil, in variou? soils, has proven To be safe for all agricullural 
land. In Ihe drainage of ihe Cenlial Paik, afler a nialiire consid- 
eiiition of all that had been published on Ihe ^ubjecl, and of a 
considerable previous observation and experience, il wiis decided 
to iidopt il general depth of four feet, and to adhere as closely 
ii^ possible to il uniform distiince of forty feet. No instance |075i 
was known of ii failure to produce good results by draining al 
that distance, and several cases were recalled where drains at 
fifty and ^ixly feet had proved so inefficient that intermediate 
lines becanie necessary. After from seven to ten years' trial* the 
Central Park drainage* by its results, has shown that, — although 
some of the land is of a very relenlive character, — Ihis distance 
is not too greal; and it is adopted here for recommend ah on to all 
who have no especial reason for supposing thai greater distances 
will be fully effective in their more porous soils. 

As has been before stated, drains at that distance, (or at any 
distance,) will nol remove all of the water of saluration from 
heavy clays so rapidly as from more porous soil; but, although, 
in some cases, the drainage may be insufficient during the first 
year, and not absolulely perfect during the second and third yeiirs, 
the increased porosity which drainage causes, (as the summer 
droughls make fissures in Ihe earlh, as decayed rools and olher 
orgiinic deposits miike these fissures permanent, iind as chemical 
action in Ihe aeraled soil changes ils character,) will finally bring 
clay soils to as per feci acondilion as Ihey are capable of atlaming, 
and will invariably render ihem excelleni for cultivation. 

The Direction of the Laterals should be light up and down 
the slope of the icimJy in ihe line of sleepesi descenl. For a long 
lime afler the general adoplion of thorough -draining, Ihere was 
much discussion of this subjecl, and much variation in practice. 
The influence of the old rules for making surface or "catch-wiiter" 
drains lasted for a long time, and there was a general tendency 
to make tile drains follow the same direclions. An important 
requiremeni of ihese wiis thai they should not tiike so steep 
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an incliiiiition a^ lo hiive iheir bottoms cut out and iheir banks 
undermined by the rapid flow of waler, and Ihat Ihey should 
arrest and carry iiway the water flowing down over the surface 
[076] of hill sides. The argLiments for tlie line of sleepest descent were, 

liowever, so clear, and drains laid on that line were so universally 
successful in practice, ihiit it was long ago adopted by all, — save 
those novices who preferred to gain their education in draining 
in the expensive school of their own experience. 

The more importani reasons why this direction is the best are 
the following: FirsU il is the quickest way lo get Ihe water off. [Is 
natural tendency is lo run siraight down the hilK and nothing is 
gained by diverting il froni this course. Second* if the drain runs 
obliquely down Ihe hill, the water will be likely lo run out at the 
joints of the lile and wet Ihe ground below it; even if il do not, 
mainly, run past the drain from above into the land below* instead 
of being forced inio Ihe lile. Third, a drain lying obliquely across 
a hillside will nol be able lo draw ihe waler from below up Ihe hill 
toward it, and the water of neai'iy Ihe whole interval will have lo 
seek Its outlet through Ihe drain below il. Fourth, drains running 
directly down the hill will tap any porous water bearing strata, 
which may crop out, at regulai" intervals, and will Ihus prevent 
the spewing oul of ihe water at the surface, as il mighl do if only 
oblique drains ran for a long distance just above or just below 
them. Very sleep, and very springy hill sides, sometimes require 
very frequeni drains lo catch ihe water which has a lendency lo 
flow to the surface; this, however, rarely occurs. 

In laying out a plan for draining land of a broken surface, 
which inclines in different directions, il is impossible lo make ihe 
drains foilow Ihe line of sleepesi descent, and at the same lime lo 
have them all parallel, and at uniform distances. In all such cases 
a compromise musi be made between Ihe iwo requirements. The 
more nearly the parallel arrangement can be preserved, the less 
costly will Ihe work be, while Ihe more nearly we follow Ihe 
steepest slope of Ihe ground, Ihe more efficient will each drain 



71 



be. No rule for Ihis adjuslnient can be given* bul a careful sliidy |ii77| 
of the plan of Ihe ground, and of ils conlour lines, will aid in its 
determination. On iill irregular ground it requires great skill to 
secure the grealest efficiency consisteiil with economy. 

The/i;// required in well made tile drains is very much less ihan 
would be supposed, by an inexperienced person, lo be necessary. 
Wherever practicable, wilhout too great cost, it is desirable to 
have a fall of one foot in one hundred feel, but more than this in 
ordinary work is not especially lo be soughl, although there is, of 
course, no objection lo very nnich greater inclination. 

One half of that amount of fall, or six inches in one hundred 
feet, is quite sufficient, if the execution of Ihe work, is carefully 
allended to. 

The leasl rale of fall which it is prudent to give to a drain, 
in using ordinary tiles, is 2.5 in 1,000, or three inches in one 
hundred feet, and even this requires very careful work.* A fall of 
six inches in one hundred feet is recommended whenever it can 
be easily oblained — not as being more effective, but as requiring 
less precision, and consequently less expense. 

Kinds and Sizes of Tiles, — Agricultural drain -tiles are made 
of clay similar to that which is used for brick. When burned, Ihey 
are from twelve inches to fourleen inches long, wilh nn interior 
diameter of from one to eight inches, and with alhickness of wall, 
(depending on the strength of the clay, and Ihe size of the bore,) 
of from one-quarter of an inch lo more than an inch. They are 
porous, to Ihe extent of absorbing a certain amount of water, but 
their porosity has nothing lo do with their use for drainage, — for 
this purpose Ihey might as well be of glass. The waler enters 
ihem, nol through Iheir walls, but al their jo iiils, which cannot be lojai 
made so tight Ihat Ihey will nol admil the very small amount of 



Some of ihc drams in ihc Central Park have a FaJI of only I in I J)00, and 
ihcy woik pcrfcclly: bul ihcy arc large mams, laid vvilh an amouni of caic, and 
wilh ccclain cosily firccaulioris, (incliidmg precisely graded wnxidcn flnxirs,) 
which cojld hardly be cxpcclcd in privalc work. 
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waler thai will need to enter al each ipiice. Giiborne says: 

"[f an acre of land be intersected wilh parallel drains twelve 
yards apart, and if on Ihat acre should fall flie very unusual 
quanljly of one inch of rain in twelve hours, in order that every 
drop of ihis rain mnv be discharged bv the drains in fortv-eight 
hours from the cornmencemenl of Ihe rain — (and in a less period 
thai quantity neither will, not is it desirable thai it should, filter 
through an agricultural soil] — the interval between two pipes 
will be called upon to pais two-thirds of a tablespoonful of water 
per rainule, and no more. Inch pipes, lying at a small inclination, 
and running only half-full, will discharge more than double this 
quantity of water in forty-eight hours." 

Tiles may be made of any desired form of section, — the usual 
forms are the "horse-shoe," the "sole," the "doubie-sole." and the 
"round." The latter mav be used with collars, and thev constitute 
the "pipes and collars." frequenllv referred to in English books 
on drainage. 




Fig. 13 -HORSE-SHOE TILE, 

Horse-shoe rites. Fig. 13, are condemned by all modern 
engineers. Mr. Glsborne disposes of them by an argument of 
some length, the quotation of which in these pages is probably 
advisable, because they form so much bettercondu its than stones, 
and to that extent have been so successfully employed, that they 
ore still largely used in this country by "amateurs." 

"We shall shock some and surprise many of our readers, when 
vns itate confidently thut, in average soils, and, still more, in 
those which are jnclined lobetender, horseshoe hies form the 
weakest and most faiLng conduit which has ever been used 
for a deep drain. Il is so, however; and a little thought, even if 
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we had no experience, will tell us Ihatil must be so. Adoggrel 

song, quite de^litiite of humor, infonns us thai liles of ihis 
sort were used in 1760 al Grandesburg Hall, in Suffolk, by |ii79j 

Mr. Charles Lawrence, Ihe owner of the eslale. The earliest 
of whicli we had experience ^^ere of bige area and of weak 
form. Conslant failures resulted from Iheir use, and the cause 
was investigaled; many of the liles were found to be choked 
up wilh clay, and many lo be broken longilndinallv through 
the crown. For the first evil, two remedies were adopted; a 
sole of slate, of wood, or of its own malerial, wa^ sometimes 
placed under the lile, but ihe more usnal praclice was to 
form them wilh club-feeL To meel the ca^e of longiludinal 
fi'acture, the tiles were reduced in size» and very much thick- 
ened in proportion to Iheir area. The firsi of these remedies 
was founded on an entirely mistaken, and the second on no 
conception at all of the cause of Ihe evil to which they were 
respechvely applied. The idea was, that Ihis lile, standing on 
narrow feet, and pressed by the weight of the refilled soil, 
sank into the floor of the drain; whereas, m fact, tlie floor 
of Ihe drain rose into tlie tile. Any one at all conversant 
wilh collieries is aware that when a sirail work (which is a 
small subterranean tunnel six feel high and four feel wide 
or thereabouts) is driven in coal, the rising of the floor is a 
more usual and far more inconvenient occurrence than the 
falling of Ihe roof: the weight of the two sides squeezes np 
the floor. We have seen it formed into a very decided ai"ch 
without fracture. Exactly a similar operation takes place in 
the drain. No one had till recently dreamed of forming a 
tile drain, the bottom of whicli a man was not lo approach 
personally within twenty inches or two feet. To no one had 
it then occurred tliat width at Die bottom of Ihe drain was a 
g]"eat evil. For Ihe convenience of Ihe operator Ihe dram was 
formed wilh nearly perpendicular sides, of a width in which 
he could stand and work conveniently, shovel the bottom 
level with his oidinaiy spade, and lay the tiles by his hand; 
the result was a drain with nearly perpendicular sides, and a 
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wide bottom. No sorl of cl^y, particularly when softened by 
water ^landing on it or running over it, could fail to rise under 
such circumstance?; and Ihe deeper Ihe drain Ihe grealer the 
pressure and Ihe more ceil^in Die rising. A horse-shoe lile, 
which may be a tolerable secure conduit m a drain of two 
feet, in one of four feet becomes an almost certain failure. As 
to the longjiudinal fracture — not only i^ tlie lile subject to be 
broken by one of those slips whicli are so li'oublesome in deep 
draining, and to which the lighlly -filled material, even when 
the drain is compleled, offers an imperfect resistance, but the 
constant pressure together of Ihe sides, even when it does not 
produce a fracture of Die soil, catches hold of the feel of the 
tile, and breaks it through the crown. Consider ihe c^se of a 
drain formed in clay when dry, the condnit a horse-shoe tile. 
When Ihe clay e'ip^nds with moislure, it necessarily presses 
on the tile and breaks it through the crown, its weakest part' 
pao] When the Regent's Park was ftrst drained, brge conduits were 

111 fashion, and they were made cii"cu]ar by placing one horse- 
shoe tile upon another. It would bedifficiilttoinvenia weaker 
conduit. On re-drain^ge, innumerable inslances were fonnd 
in which ihe upper tile was broken througli the crown, and 
had dropped into ihe lowei . Next came ihe D form, hie and 
sole in one, ^nd mucli reduced in size — a great advance; and 
when some skillful operalor h^d bid this lile bollom upwards 
we were evidently on tlieeve of pipes. For ihe D lile a round 
pipe moulded with aflat-bottomed solid sole is now generally 
substituted, and is ^n improvement; but is not equal to pipes 
and collars, nor generally cheaper ihan they are/' 



The IlIc hiis been said, by grcal ajlhorLlics, lo be broken by conlcaclion, 
under some idea ihal ihe elay envelop'v ihe lile and f ces&es il when il conlracl^. 
Thai 15 nouiensc. The cornraclion would liberale ihc rile. Dnve a slake into 
wel clay: and when [he cJay is dry, observe whclher il clasps ihe slake lighler 
or has released il. and you will no longer have any dojbl whel her expansion or 
conlraclion breaks ihe lile. Shrink is a bellcr word ihan conlracl. 



75 



Fig. 14-SOLETILE. 

Oqc chief objection lo the Sole-tiles is^ thai, in the drying 
which they undergo, preparatory lo Ihe burning, the upper side Is 
contracted^ by the more rjpid drying* and thev often require to be 
trimmed off with a hjichet before thev will fonn even tolemble 
joints; ^mother i5, that they cannot be laid with collars, which 
form a joint so perfect jnd so secure, that their use, in the smaller 
drains, should be considered indispensable. 



Fig. 15 - DOUBLE-SOLE TILE. 

The double-sole tiles, which can be laid either side up give 
a much belter joint, but thev are so heavy as lo make Ihe cost 
of transporatian considerably greater. They are also open to the 
grave objection that thev cannot be fitted with collars. 

Experience, in both public and private works in this country, 
and the cumulative testimony of Engiish and French engineers. 
have demonstrated that the only tile which it is economical to 
use, is Ihe hesi Ihat can be found, and that the best, — much 
the best — thus far invented, is the "pipe, or round tile, and 
collar," — and these are unhesitatingly recommended for use in 
all cases. Round tiles of small sizes should not be laid without 
collars, as the ability lo use these constitutes Iheir chief advan- 
tage; holding them perfectly in place, preventing the rattling in |osli 
of loose dirt in laying, and giving twice the space for the entrance 
of water at the joints. A chief advantage of the larger sizes is. 
Ihat they may be laid on any side and thus made to fit closely. 
The usual sizes of these tiles are 1-1/4 inches, 2-W4 inches, and 
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3-J/2 inches in interior dlanicler. Seclions of Ihe 2-1/4 inch moke 
collars for ihe 1-1/4 inch, and sections of the 3-1/2 inch make 
collars for the 2-3/4 inch. The 3-E/2 inch size does not need 
collars, as il is easily secured in pijce, and is only used where the 
ffow of water would be sufficient to wash ouL the t»]ight quonlily 
of foreign mailers that might enter at Ihe joints. 




Fig. 16-ROUNDTlLE AND COLLAR, AND THE 
SAME AS LAID. 



pin] 



The size of file to be u&ed Is a question of consequence. In 
England, 1-inch pipes are frequently used, but 1-1/4 inch are 
recommended for the smallest drains. Bevond this limit, the 
proper size to select is, ihe smaiiesl that can convey the water 
which will ordinaiily reach ir after a heavy rain. The sraaJler 
the pipe, Che more concentrated the flow, and, consequently, the 
more thoroughly obstructions will be removed, and the occasion- 
al flushing of the pipe, when it is taxed, for a few hours, to its 
utiTiost capacity, will insure a thorough cleansing. No inconve- 
nience can result from the fact that, on rare occasions, the dram 
is unable, for a short lime, to discharge all the water that reaches 
il, and if collars are used, or if Ihe clay be well pocked about ihe 
pipes, there need be no fear of Ihe tile being displaced by the 
pressure. An idea of the drving capacity of a I -1/4-inch tile may 
be gained from observing Ms wetting capacity, by connecting a 
pipe of this size with a sufficient body of water, at its surface, 
and discharging, over a level dry field, all the water which it will 
carry. A I -1/4-inch pipe will remove all the water which would 
fal[ on an acre of land in j very heavy rain, in 24 hours, — much 



Taking ihc difference of fncEiou inEo CDiindccDMoii. 1-1/4 ineh p\pc^ have 

fully l^ice Lhe diBchnrging cap[iei]y of I -inch pipe^. 
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less time Than Ihe waler would occupy in getting to the tile, in 
iiny soil which required draining; jnd tiles of this size are ample 
for Ihe driiiniitg of iwo acres. In like niiinner, 2-1/2-inch tile 
will suffice for eight, and 3-]/2-inch tile for iwenly acres. The 
foregoing eslimales are, of course, made on Ihe supposilion thai 
only the water which falls on ihe land, (storm water,) is lo be 
removed. For main drains, when greater capacity is required, 
two liles may be laid, (side by side,) or in such cases the larger 
sizes of sole liles may be used, being somewhat cheaper. Where 
the drains are laid 40 feet aparl, aboiil 1,000 tiles per acre will be 
required, and, in estimating the quantity of tiles of the different 
sizes to be purchased, reference should be had to the following 
figures; Ihe first 2,000 feet of drains require a collecting drain of 
2-1/4-inch lile, which will lake the waler from 7,000 feet; and 
for the outlet of from 7,000 to 20,000 feet 3-1/2-inch tile may be 
used. Collars, being more subject to breakage, should be ordered 
in somewhat larger quantities. 

Of course, such guessing at what is required, which is espe- 
cially uncertain if the surface of the ground is so irregulai" as to 
require much deviation from re gulai" parallel lines, is obviated by 
the careful preparation of apian of the work, which enables us to 
measure, beforehand, the length of drain requiring ihe different 
sizes of conduit, and, as tiles are usually made one or two inches 
more than a foot long, a thousand of them will lay a thousand 
feet, — leaving a sufficient allowance for breakage, and for such 
slight deviations of the lines as may be necessary to pass around 
those stones which are too large to remove. In very stony ground, 
Ihe length of lines is oflen materially increased, but in such 
ground, there is usually rock enough or such accumulations of losjj 
boulders in some parls, to reduce the length of drain which il is 
possible to lay, al least as much as the deviations will increase it. 

Il is always best lo make a conlraci for lile considerably in 
advance. The prices which are given in the adverlisements of the 
makers, are those al which a single thousand, — or even a few 
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hundred, — can be purchased, and very considerable reduclions of 
price may be secured on large orders. Especially is ihi^ Ihecase if 
the land is so situated Ihat Ihe lile may be purchased al either one 
of two tile works, — for the prices of all iire exiravagantly high, 
and manufacturers will submil to large discounis ralher ihan lose 
on imporlant order. 

]| is especially recommended, in making Ihe contraci, lo slip- 
ulate that every tile shall be hard-burned, and that those which 
will not give Dl clear ting when siruck with a metallic inslrument, 
shall be rejecled, and the cost of Iheir transportation borne by 
the maker. The liles used in [he Central Park drainage were all 
tested with the aid of a bit of steel which had, at one end, a 
cutting edge. With this inslrument each tile was "sounded," and 
Its hardness was tested by scraping the square edge of the bore. 
[f it did not "ring" when struck, or if the edge was easily cut, it 
was rejected. From the first cargo there were many thrown out, 
but as soon as the maker saw that they were really inspected, 
he sent tile of good quality only. Care should also be taken that 
no over-burned tile, — such as have been melted and waiped, or 
very much contracted in size by too great heat, — be smuggled 
into the count. 

A little practice will enable an ordinary workman lo throw 

out those which are imperfect, and, as a single tile which is so 

underdone that it will not last, or which, from over-burning, has 

too small an orifice, may destroy a long drain, or a whole system 

PM] of drains, the inspection should be thorough. 

The collars shonld be examined with equal care. Concerning 
the use of these, Gisborne says; 

"To one advantage which is derived from the use of collars 
we have not yet adverted — the increased facility with which free 
water existmg in the soil can find entrance into the conduit. The 
collar for a 1 -1/2 -inch pipe has a circumference of three inches. 
The whole space between the collai" and the pipe on each side 
of the collar is open, and affords no resistance to the entrance 
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of water; while at ihe same rime ihe superincumbenr arch of the 
colliii" prolecl^ Ihe jiincnon of Iwo pipes from the iitlrusion of 
particles of soiL We confess lo some original misgivings that a 
pipe resling only on an inch al each end, and lying hollow, might 
prove weak and liable to fracture by weight pressing on it from 
above; but the fear was illusory. Small particles of soil trickle 
down the sides of every drain, and the first flow of water will 
deposit them in the vacant space between the two collars. The 
bottom^ if at all soft* will also swell up into any vacancy. Practi- 
cally» if you reopen adrain well laid wilh pipes and collars, you 
will find them reposing in a beautiful nidus, which* when they 
are carefully removed, looks exactly as if it had been moulded 
for them." 

The cost of collars should not be considered nn objection to 
theu" use; because* without collars it would not be safe, (as it is 
difficult to make the orifices of two pieces come exactly opposite 
to each other,) to use less than 2-inch tiles, while, with coilars, 
1-1/4-inch aie sufficient for Ihe same use, and, including ihe cost 
of collars, are hardly more expensive. 

It is usual, in all works on agricultural drainage, to insert tables 
and formulae for the guidance of those who are to determine the 
size of tile required to discharge the water of a certain area. The 
practice is not adopted here, for the reason that all such tables iiissj 
are without practical value. The smoothness and uniformity of 
the bore; the rale of fall; the depth of Ihe drain, and consequent 
"head," or pressure, of Ihe water; the different effects of different 
soils in retarding Ihe flow of the water lo the drain; the different 
degrees lo which angles in the line of tile affect the flow; the de- 
gree of acceleration of Ihe flow which is caused by greater or less 
additions to Ihe stream at the junction of branch drains; and other 
considerations, arising al every step of the calculation, render it 
impossible lo apply delicate mathematical rules to work which 
is, at best, rude and unmathemalical in the extreme. In sewerage, 
and the water supply of towns, such tables are useful, — though. 
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even in The most perfecl of Ihese openilions, engineers iilwiiys 
make large allowances forcircum^l^nces whose influence cannot 
be exactly measured^ — but in land driiinage* the ordinary rules of 
hydraulics have lo be considered in so many different bearings, 
that the compulations of the books are not at iill reliable. For 
instance, Messrs. Shedd & Edson, of Boston* have prepared a 
series of tables* based on Smeaton's experiments* for the different 
sizes of tile* laid at different inclinations, in which they state 
that 1-1/2-inch tile, laid with a fall of one foot in a length of 
one hundred feet, will discharge 12*054.81 gallons of water in 
24 hours. This is equal to a rain-fall of over 350 inches per year 
on an acre of land. As the average annual rain -fall in the United 
States is about 40 inches, at least one-half of which is removed 
by evaporation* it would follow, from this table* that a 1-1/2-inch 
pipe, with the above named fall* would serve for the drainage 
of about 1 7 acres. But the calculation is again d isturbed by the 
fact that the rain -fall is not evenly distributed over all the days of 
the year, — as much as six inches having been known to fall in a 
single 24 hours* (amounting to about 130,000 gallons per acre*) 
pafi] and the removal of this water in a single day would require a tile 

nearly five inches in diameter, laid at the given fali, or a 3-inch 
tile laid at a fall of more than 7-1/2 feet in 100 feet. But, again, 
so much water could not reach a drain four feet from the surface, 
in so short a time, and the time required would depend very 
much on the chai'acter of the soil. Obviously, then, these tables 
are worthless for our purpose. Experience has fully shown that 
the sizes which are recommended below are ample for practical 
purposes, and probabiy the areas to be drained by the given sizes 
might be greatly increased, especially with reference lo such soils 
as do not allow water to percolate very freely through them. 

In connection with this subject, attention is called to the 

following extract from the Author's Report on the Drainage, 
which accompanies the "Third Annual Report of the Board of 
Commissioners of the Central Park:" 
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"In order lo tesi the efficiency of the sy^lem of drain iige em- 
ployed on the Park, I have caused daily observations to be taken 
of the amount of water discharged from the principal drain of 
'the Green," and have compared it wilh Ihe amount of rain-falL A 
portion of Ihe record of those observalions is herewith presenled. 

"In tlie coluniii headed 'Rain-Fiill,' the amonni of waler falling 
on one acre during the enlire slorm, is given in gallons. This is 
computed from the record of a rain-gauge kepi on the Park. 

"Under Ihe head of 'Discharge,' the number of gallons of waler 
drained from one acre during 24 hours is given. This is computed 
from observations taken* once a day or oflener* and supposes the 
discharge during the entire day lo be Ihe same as al the lime of 
taking the observalions. [l is, consequently, bul approximately 
correct: 



I0S71 



Dale. 



Hour. 



Rain 
fall. 



Dischargj .Remarks. 
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July 13. 



July 14. 
July 15. 
July 16. 
July 16. 



] a.m. 



6-1/2 " 
6-1/2 " 
8" 
6 p.m. 



49,9 1 6 
galls. 



33,398 



184 
-alls. 



4,968 " 

1,325" 
1,104" 
7,764 " 



Grou nd 
dry. 
No rain 
since 3d 
insl.; 2 
inches 
rain 

fell be- 
tween 
5.15 
and 
5.45 
p.m. 
and 
l-5th 
of an 
inch be- 
tween 
5.45 
and 
7.15. 



Grou nd 
satu- 
rated al 
a depth 
of 2 feel 
when 
this rain 
com- 
menced. 
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July 17. 




July IS. 


9 a.m. 


July 19. 


7 " 


July 20. 


6-1/2 


July 2 L 


11 " 


July 22. 


6-1/2 


July 23. 


10" 



July 24. 



AiiE. 3. 



Au£. 4. 



Au5. 5. 



Aug. 5. 

AuE. 6. 



7 " 



6-1/2 



6-1/2 



6-1/2 



6 p.m. 
9 a.m. 



] ,698 " 



S,490 " 



3.0 



45,2SS 



4,319" 

2,208 " 

1,325 " 

993" 

662" 

560" 

515" 



442" 



191 " 



184" 



36S" 



S,2S0 

3,954 



This 
slight 

rain 
only 
affected 
the ratio 
of de- 
crease. 

Nothing 

worthy 
of 11 ole 
until 
Aug. 3. 
Rain 
from 
3 p.m. 
lo 330 
p.ni. 
'■ 4.45 

p. 111. lo 

12 m.n. 

12 
m. lo 6 
p.m. 



84 



Draining for Profit^ and Draining for Heallh 



Aug. 1. 
Aug. 8. 
Aug. 9. 
Aug. 
12. 



Aug. 


7" 


13. 




Aug. 


9" 


14. 




Aug. 


9" 


24. 




Aug. 


9" 


25. 





Aug. 


7 p.m 


25. 




Aug. 


6-1/2 


26. 


a.m. 


Aug. 


6 p.m 


26. 




Aug. 


6-1/2 


27. 


a.m. 


Aug. 


7" 


28. 





9" 

6-1/2 " 
6-1/2 " 
6-1/2 " 



1 9.244 



1,132 



5,547 " 



566" 



566" 



2,20S " 
82 S " 
662 " 
368 " 



1,104" 



736 



191 " 



9,936 " 



7,740 " 
3,974 " 
2,208 " 
1,529" 

993 " 



Rain 12 
m. Aug. 

12 to 
7 a.m. 
Aug. 
13. 



" 3 a.m. 
to 4.15 
a.m. 
" 3.30 
p.m. 
24lh, to 
7 a.m. 
25lh. 
" 7 a.m. 
to 1 2 m. 



" 4 p.m. 
to 6 
p.m. 
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Sep. IL 



Sep. 12. 



Sep. 13. 



Sep. 16. 



Sep. 17. 



Sep. 17. 
Sep. IS. 
Sep. 19. 
Sep. 19. 
Sep. 20. 



5 p.m. 

8 a.m. 

6-1/2 '■ 
4 p.m. 

9 a.m. 



566" 



5,094 " 



566" 



5,848 



27.552 



566" 



566 



165" 



147" 



132" 



110" 



1,104 



6,624 " 
4,968 " 

2,208 " 
1,805 " 
1 ,324 " 



12 
m.Q. 
(10th) 
to 7 

a.m. 
(11th.) 

■ 12 m. 
(11th) 
to 7 
a.m. 
(12th.) 

" 4 p.m. 
to 6 
p.m. 

■ 12 m. 
lo 12 
m.n. 
Rain 
con- 
tinued 
until 12 
m. 



Rain 

rm 

12 m. 
(19th) 
lo 7 

a.m. 
(20th.) 
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Sep. 21. 



Sep. 22. 



Sep. 23. 



Sep. 24. 
Sep. 25. 
Sep. 26. 
Oct. ] . 



9" 



9" 



9" 



9" 
9" 
9" 
9" 



5,094 



10,185 



40,756 



566" 



945 " 



1,656" 



7,94S " 



4,968 " 
2,984" 

2,484 " 
828 " 



" 3.20 
p.m. 
(20th) 
to 6 
a.m. 
(21 SI.) 
" 12 ni. 
(21 SI) 
to 7 
a.m. 
[22d.) 
Rain 
con- 
tinued 
Linlil 
7 ii.m. 
[23d.) 



There 
was not 
enough 
rain 
during 
this 
per iod 
to ma- 
terially 
affect 
the 

flow of 
water. 
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Nov 
18. 
Nov 
19. 



Nov. 
20. 
Nov. 
22. 



Nov. 

22. 

Nov. 

23. 

Nov. 

24. 

Nov. 

24. 

Dec. 

17. 

Dec. 

18. 



Dec. 

30. 



9.1 



2 p.m. 



9 a.m. 

9" 

2 p.m. 
9 a.m. 
9" 



10" 



1J32" 



29,336 
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184" 



119" 



6,624 



6,624 " 
4,968 " 
1,711 " 
1,417 " 
552" 
4,968 " 



581 " 



Rain 
4.50 

p.m. 
(18th) 

to ; 

a.m. 
(19th.) 



Rain 

all of 

Ihe pre- 
vious 
niEht. 



Rain 
during 

the pre- 
vious 
night. 
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"The tract driiined by this system, thoiigli very swampy, be- 
fore being drained, is now dry enough lo walk upon, almost 
immediately after a storm, except when underlaid by a stratum 
of frozen ground/' 

The area drained by tlie main at which ihe^e gaugings were 
made, is i^out ten acres, and, in deference lo ihe prevailing 
mania for large conduits, it had been laid wilh 6-inch sole-tile. 
The grealest recorded dischaige in 24 hours was (August 25th,) 
less than 100,000 gallons from Ihe ten acres, — an amount of 
water which did not half fill Ihe tile, but which, according to the 
tables referred to, would have enlirely filled il. 

In view of all the information Ihat can be gathered on Ihe 
subject, Ihe following direclions are given as perfeclly reliable 
for drains four feet or more in deplh, laid on a well regulated fall 
of even three inches in a hundred feel: 

For 2 acres 1-1/4 inch pipes (with collars.) 

For 8 acres 2-1/4 inch pipes (with collars.) 

For 20 acres 3-1/2 inch pipes 

For 40 acres 2 3-1/2 inch pipes or one 5-inch sole-tile. 

For 50 acres 6 inch pipes sole -tile. 

For 100 acres 8 inch pipes or two 6-inch sole-tiles. 

II is nol prelended Ihat ihese drains will immediately remove 
all Ihe waler of the heaviesi storms, but ihey will always remove 
il fasi enough for all praclical purposes, and, if the pipes are 
securely laid, the drains will only be benefited by Ihe occasional 
cleansing they will receive when running "more than full." In 
illuslration of ihis statement, the following is quoted from a paper 
communicaled by Mr. Parkes lo Ihe Royal Agricultural Sociely 
of England in 1843: 

"Mr. Thomas Hammond, of Penshurst, (Kent,) now uses no 

other fhize for the parallel drains than Ihe inch tile in the table, 

I0I91 (No. 5,) having commenced wilh No. 4,' ' and it may be here 
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stated, Ihat Ihe opinion of all the farmers wlio have used them 
in Ihe Weald, is thai a bore of an inch area is abund<intly large. 
A piece of 9 acres, now sown with wheats was observed by the 
wriler, 36 hours after Ihe termination of a rain which fell heavily 
iind incessanlly during 12 hours on the 7lh of November. This 
field was drained in March, IS42, to ihedeplh of 30 lo 36 inches, 
at a distance of 24 feet asunder, Ihe length of each dram being 
235 yards. 

"Each« drain emplied itself through a fence bank inio a running 
stream in a road below it; the discharge Iherefore was dislinclly 
observable. Two or three of the pipes had now ceased running; 
and, with Ihe exceplion of one which lapped a small spring 
and gave a stream about the size of a tobacco pipe, the run 
from Ihe others did not exceed Ihe size of a wheal siraw. The 
greatesl flow had been observed by Mr. Hammond at no lime 
to exceed half the bore of the pipes. The fall in this field is 
very great, and Ihe drains aie laid in the direclion of the fall, 
which has always been the praclice in this dlslricl. The issuing 
water was transparently clear; and Mr. Hammond states Ihat he 
has never observed cloudiness, except for a short time after very 
heavy flushes of rain, when the drains are quickly cleared of all 
sediment, in consequence of ihe veiocily and force of the waler 
passing through so small a channel. Infiltralion through the soil 
and inIo Ihe pipes, must, in this case, be considered to have been 
perfect; and their observed aclion is the more delermmate and 
valuable as regards time and effect, as the land was saturated 
with moisture previous to this pari icular fall of rain, and ihe pipes 
had ceased to run when it commenced. This piece had, previous 
to lis drainage, necessarily been cullivaled in narrow stretches, 
with an open water furrow between them; bill il was now laid [090i 
quite plain, by which one-eighlh of the continuation of acreage 
has been saved. Not, however, being confident as to the soil 



No. 5 wa^Diic inch in dt^mclcr; No. 4, aboul 1-1/3 mchc^. 
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having already become so porous as lo dispense enlirely wilh 
surface drains, Mr. Hammond had drawn two long water furrows 
diagonally across the field. On examining these, it appeared 
thai very liltle waler had flowed along any pari of Ihem during 
these 12 hours of rain, — no water had escaped al their outfall; 
the enlire body of rain had permeated the mass of the bed» and 
passed off through the inch pipes; no water perceptible on the 
surface, which used to carry it IhroughoiiL The subsoil is a brick 
clay, but il appears lo crack very rapidly by shrinkage consequent 
to drainage." 

Obst rue lions, — The danger that drains will beconie obstruct- 
ed, if not properly laid out and properly made, is very great, 
and the cost of removing the obstructions, (oflen requiring whole 
lines to be taken up, washed, and re laid with ihe extra care that is 
required in working in old and sofi lines,) is often greater than the 
original cost of the improvement. Consequently, the possibility 
of tile drains becoming stopped up should be fully considered at 
the outset, and every precaution should be taken to preveni so 
disastrous a result. 

The principal causes of obstruction are sill, vermin^ and roots. 

Silt is earth which is washed into the tile with the water of ihe 
soil, and which, though it may be carried along in suspension in 
the water, when the fall is good, wili be deposited in the eddies 
and slack-water, which occur whenever there is a break in Ihe 
fall, or a defect in the laying of Ihe tile. 

Whenever il is possible to avoid it, no drain should have a 
decreasing rate of fait as it approaches its ouliet. 
|09i] If the first hundred feet from the upper end of Ihe drain has a 

fall of three inches, Ihe next hundred feel should nol have less 
than three inches, lest Ihe diminished velocity cause silt, which 
required the speed which that fall gives for its removal, lo be 
deposited and lo choke the tile. This defecl of grade is shown in 
Fig. 17. [f Ihe second hundred feet has an inclinalion of more 
than three inches, (Fig. 18,) Ihe removal of silt will be even 
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better secured than if the fall continued at ihe original rate. Some 
silt will enler newly made drains, in spile of our utmosi core, but 
the amount should be very slight* and if il is evenly deposited 
throughout Ihe whole length of Ihe drain* (as it sometimes is 
when Ihe rale of fall is very low,) it will do no especial harm; 
but it becomes dangerous when it is iiccumulaled within a shorl 
distance^ by a decreasing fall* or by a single badly laid tile, or 
iraperfecl joint, which, by arresting the flow, may cause as much 
mischief as a defective grade. 

Owing lo Ihe general conformation of the ground, it is some- 
times absolutely necessary lo adopi such a grade as is shown 
in Fig. 19, — even to the exient of bringing Ihe drain down a 
rapid slope, and conliniiing il with the leasl possible fall ihroiigh 
level groimd. When such changes musi be made, Ihey should 
be effected by angles, and nol by curves. In increasing Ihe fall, 
curves in Ihe grade are always advisable, in decreasing it they 
are always objectionable, except when the decreased fall is slill 
considerable, — say, at least 2 feet in LOO feet. The reason for 
making an absolute angle at the point of depression is, Ihat il 
enables us lo catch the sill at Ihal poini in a silt basin, from which 
it may be removed as occasion requires. 




Fig. 19 -THREE PROFILES OF DRAINS, WITH 
DIFFERENT INCLINATIONS. 
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A SUt Basin is a chamber, below ihe grade of tlie drain, inio 
wliich the waler flow^, beconies conipaiatively quiet^ and de- 
posits its silt, instead of carrying it into the tile beyond. It may be 
large or small, in proportion to the amount of drain above, which 
it has to accommodate. For a few hundred feet of the smallest 
IP93] tile, it may be only a 6-inch tile placed on end and sunk so as to 

receive and discharge the water at its top. For a large main, it 
may be a brick reservoir with a capacity of 2 or 3 cubic feet. The 
position of a silt basin i^ shown in Fig. 1 9. 

The quantity of silt which enters the drain depends very much 
on the soil. Compact clays yield very little, and wet, running 
^ands, (quicksand^,) a great deal. In a soil of the latter sort, or 
one having a layer of running sand at Ihe level of the drain, the 
dilch should be excavated a little below the grade of the drain, 
and then filled to that level with a retentive clay, and rammed 
hard. In all cases when the tile is well laid, (especially if collars 
are used,) and a stiff earth is well packed around the tile, silt 
will not enter the drain to an injurious extent, after a few months' 
operation shall have removed the loose particles about the joints, 
and especially after a few very heavy rains, which, if the tiles are 
small, will sometimes wash them perfectly clean, although they 
may have been half filled with dirt. 

Vermifi^ — field mice, moles, etc., — sometimes make their 
nests in the tile and thus choke them, or, dying in them, stop 
them up with their carcases. Their entrance should be prevented 
by placing a coarse wire cloth or grating in front of the outlets, 
which afford the only openings for their entrance. 

Rools. — The roots of many water-loving trees, — especially 
willows, — will often force their entrance into the joints of the 
tile and fill the whole bore with masses of fibre which entirely 
prevent the flow of water. Collars make it more difficult for them 
to enter, but even these are not a sure preventive. Gisborne says: 

"My own experience as to roots, in connection with deep pipe 
draining, is as follows: I have never known rools to obstruct a 
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pipe through which there wii? not a perennial siream. The flow 
of water in summer and early auliimn appeals to furnish the 
attraction. I have never discovered ihat ihe roots of any escu- [094i 
lent vegelable have obslrucled n pipe. The trees which, by my 
own personal observation, I have found to be most dangerous, 
have been red wiilow, black Ilalian poplar, alder, ash, and broad- 
leaved elm. I have many alders in close contiguity with importanl 
drains, and, though I have never convicted one, 1 cannol doubt 
that Ihey aie dangerous. Oak, and black and white thorns, I have 
not delected, nor do I suspect them. The giiilly Irees have in every 
instance been young and free growing; I have never convicled ',m 
aduJt. These remarks apply solely to my own observation, and 
may of course be much exlended by ihal of other agricullurists. 
I know an instance in which a perennial spring of very pure and 
(I believe) soft waler is conveyed in socket pipes to a paper mill. 
Every junction of Iwo pipes is carefully fortified with cement. 
The only objecl of cover being protection from superficial injury 
and from frost, the pipes are laid not far below the sod. Year by 
year these pipes are stopped by roots. Trees are very capricious 
in Ihis matler. J was lold by the lale Sir R. Peel Ihat he sacrificed 
two young elm irees in Ihe park at Drayton Manor to a drain 
which had been repealedly stopped by roots. The sloppage was 
neverlheless repeated, and was Ihen traced lo nn elm tree far 
more distani than those which had been sacrificed. Early in the 
autumn of 1850 [ compleled the drainage of the upper part of 
a boggy valley, lying, with ramifications, at the fool of marly 
banks. The main drains converge to a common outlet, lo which 
are broughl one 3-inch pipe and Ihree of 4 inches each. They lie 
side by side, and waler flows perennially Ihroiigh each of Ihem. 
Near to this outlet did grow a red willow. In February, 1S52, I 
found the water breaking out lo the surface of the ground aboul 
1 yards above Ihe oiillet, and was at no loss for the cause, as the 
rools of Ihe red willow showed ihemselves at the orifice of the 1095] 
3-inch and of Iwo of the 4-inch pipes. On examination I found 
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that ii root had entered a joint between two 3-inch pipes, and 
had traveled 5 yards to the mouth of the drain, and 9 yards up 
Ihe stream, forming a continuous length of 14 yaids. The root 
which first entered had attained about the size of a lady's little 
finger; and its ramifications consisted of very fine and almost 
silky fibres* and would have cut up into half a dozen comfortable 
boas. The drain was completely stopped. The pipes were not in 
any degree displaced. Roots from the same willow had passed 
over the 3-inch pipes, and had entered and entirely stopped the 
first 4-inch drain, and had partially stopped the second. At a 
distance of about 30 yards a black Italian poplar, which stood 
on a bank over a 4-inch drain, had completely stopped it with 
a bunch of roots. The whole of this had been the work of less 
than IS months, including the depth of two winters. A 3-inch 
branch of the same system runs through a little group of black 
poplars. This drain conveys a full stream in plashes of wet, 
and some water generally through the winter months, but has 
not a perennial flow. I have perceived no indication that roots 
have interfered with this drain. I draw no general conclusions 
from these few facts, but they may assist those who have more 
extensive experience in drawing some, which may be of use to 
drainers." 

Having considered some of the principles on which our work 
should be based, let us now return to the map of the field, and 
apply those principles in planning the work to be done to make 
it dry. 

The Outlet should evidently be placed at the present point of 
exit of Ihe brook which runs from the springs, collects the water 
of the open ditches, and spreads over the flat in Ihe southwest 
corner of the tract, converting it into a swamp. Suppose that, by 
going some distance into the next field, we can secure an outlet 
|09fi] of 3 feet and 9 inches (3.75) below the level of the swamp, and 

that we decide to allow 3 inches drop between the bottom of the 
tile at that point, and the reduced level of the brook to secure the 
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diiim againsi Ihe iiccumulalion of 5and, which inighl result from 
back wdler in lime of heavy rain. This fixes the deplh of drain al 
the oullel al 3-1/2 (3.50) feet. 

At that side of the swanip which lies nearest to the main 
depression of Ihe up-land, (See Fig. 21,) is Ihe proper place at 
which lo collect the water from so nnich of the field as is now 
drained by the niain brook, and at that point it will be well to 
place a sih basin or well, built up to the surface, which may, al 
any time, be uncovered for an observation of the working of the 
drains. The land between this point and the outlel is absolutely 
level, requiring Ihe necessary fall in the drain which connects the 
two, lo be gained by raising Ihe upper end of it. As Ihe distance 
is nearly 200 feet, and as it is advisable lo give a fall at least 
five-tenlhs of a fool per hundred feel to so important an outlel as 
this, the drain at the silt basin may be fixed at only 2-1/2 feel. 
The basin being at Ihe foot of a considerable rise in Ihe ground, 
it will be easy, within a short dislance above, lo carry Ihe drains 
which come to it lo a depth of 4 feel, — were this not Ihe case, the 
fall between Ihe basin and Ihe outlet would have to be very much 
reduced. 

Main Drains, — The valley through which the brook now runs 
is about EO feet wide, with a decided rise in the land al each side. 
If one main drain were laid in the center of it, all of the laterals 
coming lo the mam would first run down a steep hillside, and 
then across a stretch of more level land, requiring the grade of 
each lateral to be broken al the fool of ihe hill, and provided with 
a silt basin lo collect matters which might be deposiled when 
the fall becomes less rapid. Consequently, it is best to provide 
Iwo mains, or coUecling drains, (A and C,) one lying at ihe fool 
of each hill, when Ihey will receive the lalerals at their greatest [09T| 
fall; but, as these are too far apart to completely drain Ihe valley 
between them, and are located on land higher than the center of 
the valley, a dram, {B,) should be run up, midway between Ihem. 

The colleclmg drahi. A, will receive the laterals from the hill 
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lo the wesi of il, us far up as Ihe 10-fool conlour line, and, above 
that point, — running up a branch of llie valley, — it will receive 
laterals from both sides. The drain, B, may be continued above 
the dividing point of Ihe valley, and will act as one of the series 
of laterals. The drain, C, will receive the laterals and sub-mains 
from the rising ground to Ihe east of it, and from both sides of 
the minor valley which extends in that direction. 

Most of the valley which runs up from the easterly side of 
the swamp must be drained independently by the drain £, which 
might be carried lo the silt basin, did not its continuation directly 
to the outlet offer a shorter course for the removal of its water. 
This drain will receive laterals from the hill bordering Ihe south- 
easterly side of Ihe swamp, and, higher up, from both sides of 
the valley in which it runs. 

In laying out these main drains, more attention should be given 
to placing them where Ihey will best receive Ihe water of the 
laterals, and on lines which offer a good and tolerably uniform 
descent, than to their use for the immediate drainage of the land 
through which they pass. Afterward, in laying out the laterals, 
the use of these lines as local drains should, of course, be duly 
considered. 

The Lateral Drains shoiiid next receive attention, and in their 
location and arrangement Ihe following rules should be observed: 

1st. They should run down Ihe steepest desceni of the land. 

2d. They should be placed at intervals proportionate to their 
depth; — if 4 feel deep, at 40 feel intervals; if 3 feet deep, at 20 
ipw] feet intervals. 

3d. They should, as nearly as possible, run parallel to each 
other. 

On land of perfectly uniform character, (all sloping in the 
same direction,) all of these requirements may be complied with, 
but on irregular land it becomes constantly necessary to make 
a compromise between them. Drains running down the line 
of steepest descent cannot be parallel, — and, consequently, the 
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Fig. 20 - MAP WITH DRAINS AND CONTOUR LINES. 
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intervals be! ween theni cannol be always Ihe same; those wliich 
are farther apart at one end ihiin iit Ihe olher cannol be iilwiiys of 
a depth exactly proportionate to their intervals. 

In the adjustment of the lines* so as to conform as neiirly to 
these requirements as the shiipe of the ground will allow, there 
is room for the exercise of much skill, and on such adjustment 
depend, in a greiit degree, the success and economy of the work. 
Remembering that on the map, the line of steepest descent is 
exactly perpendicular to the contour lines of the land, it will be 
profitable to study ciirefiilly Ihe system of drains first laid out, 
erasing iind making alterations wherever it is found possible to 
simplify the arrangement. 

Strictly speaking, all angles are* to s. certain extent, wasteful, 
because, if two parallel drains will suffice to drain the land 
between them, no better drainage will be effected by a third drain 
running across that land. Furthermore* the angles are practically 
supplied with drains at less intervals than are required, — for 
instance, at C 7 o on the map the triangles included within the 
dotted line x, y^ will be doubly drained. So, also, if any point of 
a 4-foot drain will drain the land within 20 feet of it, the land 
included within the dotted line forming a semi-circle about the 
point C 14, might drain into the end of the lateral, and it no 
more needs the action of the main drain than does that which lies 
between the laterals. Of course, angles and connecting lines are 
[100] indispensable, except where the laterals can run independently 

across the entire field, and discharge beyond it. The ionger the 
laterals can be made, and the more angles can be avoided, the 
more economical will the arrangement be; and, until the arrange- 
ment of the lines has been made as nearly perfect as possible, 
the time of the drainer can be in no way so profitably spent as in 
amending his plan. 

The series of laterals which discharge through the mains A, C, 
D and £, on the accompanying map, have been very carefully 
considered, and are submitted to the consideration of the reader, 
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in illu^lriition of what has been said above. 

At one point, just above the middle of the east side of the field, 
the lalerals are placed at a general distance of 20 feet* because, iis 
will be seen by reference to Fig. 4, n ledge of rock» underground, 
will prevent Iheir being made more than 3 feet deep. 

The line from H to /, (Fig. 20,) at the norlh side of the field, 
connecling the heads of the laterals, is lobe a stone and tile drain, 
such as is described on page 60, inlended to collect the water 
which follows the surface of Ihe rock. {See Fig. 4.) 

The swamp is to be drained by itself* by means of two series of 
laterals discharging into the main lines Fand G, which dischaige 
at the outlet, by the side of the main drain from the silt-basin. By 
this arrangement Ihese laterals, especially at Ihe norlh side of 
Ihe swamp, being accuralely laid, wilh very ^iight inclinalioiis, 
can be placed more deeply than if they ran in an east and wesi 
direction, and discharged into Ihe main, which has a grealer 
inclination, and is only two and a half feel deep at the basin. 
Being 3-1/2 (3.50j feel deep at the oiillet, Ihey may be made fully 
3 feel deep at their upper ends, and, being only 20 feet apart, they 
will drain Ihe land as well as is possible. The drains being now 
laid out, over the whole field, ihe next thing to be allended to is iiiiii 

The Ordering of the Tile, — The main line from ihe oullet up 
to the silt-basin, should be of 3-1/2-inch tiles, of which aboul 
190 feel will be required. The main drain A should be laid with 
2-1/4-inch liles to ihe point marked m, near its upper end, as 
the lateral enlering there carries the water of a spring, which is 
supposed lo fill a l-l/4-inch tile. The lenglh of this drain, from 
the silt-basin lo Ihat poini is 575 feel. The main drain C will 
require 2-1/4 inch tiles from the sill-basin lo Ihe junclion wilh the 
laleral, which is maiked C 10, above which point there is aboul 
1,700 feet of drain discharging into it, a portion of which, being 
a stone -and -tile drain al Ihe foot of a rock, may be supposed 
to receive more water Ihan ihat which lies under the rest of the 
[and; — distance 450 feel. The main drain E requires 2-1/4-inch 
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tiles from the oullel to Ihe poini marked u, a distance of 380 feet. 
This tile will, in addilion to lis olher work, carry iis much water 
from the springs on the line of its fourlh lateral, iis would fill a 
1-1/4-inch pipeJ^ 

The length of the main driiins above the poinl^ indicaled, and 
of iill Ihe liileriils* aniountt; to about 12,250 feet. These all require 
1-1/4-inch liles. 

Allowing aboul five per cenl. for breakage, the order in round 
numbers, will be as follows:" 

3-1/2-inch round tiles 200 feeL 

2-1/4-inch round tiles 1,500 feet. 

I-l/4-inch round tiles 13,000 feet. 

3-1/2 -inch round tiles 1,600 
11071 2-1/4-inch round tiles 13,250 

Order, aho, 25 6-inch sole-tiles, lo be used in iiiEiking small 
sill -basins. 

It should be arranged to have the tiles all on the ground before 
the work of dilching commences, so Ihal there may be no delay 
and consequent danger to the slability of the banks of ihe ditches, 
while waiting for them to arrive. As has been before stated, 
il should be especially agreed wilh the lile-maker, at the time 
of making ihe conlraci, that every lile should be perfect; — of 
uniform shape, and neither loo much nor too liltle burned. 

Staking Oul. — Due consideralion having been given lo such 
preliminaries as are connected with the mapping of the ground, 
and Ihe arrangemeni, on paper, of the drains to be made, the 
drainer may now return lo his field, and, while awaiting ihe 



■ If ihc springs, when running al ihcir grculcsl volunf^, be found lo require 
more ihan 1-1/4-iiich lilcs, due uJlowancc musi be nude for ihc increase. 

0\Miig lo ihe brreguluril^ of ihe ground, and the uecessil^ for pliicing some 
of ihc draias ul narro\ver lulcrvals, ihe lolal leuglhof lile exceeds b^ nearly 50 
per ecnt what would be required if il had a uniform slope, and required no 
eollecliag dcuns. Il is much grealer ihaa will be required in any ordinary case, 
a& a very irregular ^rfacc ha^ been adopled here for purpo^s of illu^lralion. 
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arrival of his tiles, make the necessaiy preparalion for Ihe work 
to be done. The firsi slep is to fix cerliim prominenl points, 
which will serve lo conned ihe map with Ihe field, by actual 
measuremenis, and this will very easily be done by Ihe aid of the 
slakes which are slill standing at the intersections of the 50-fool 
lines* which were used in Ihe prelim in aiy levelling. 

Commencing al the southwest corner of the field, and mea- 
suring toward the east adislance of 34 feet, sel a pole to indicate 
Ihe position of the oulleL Next, mark Ihe center of the silt-basin 
at Ihe proper poini, which wiil be found by measuring 1S4 feet 
up the western boundary, and thence toward the east 96 feet, on 
a line parallel with Ihe nearest row of 50-fool stakes. Then, in 
like manner, fix Ihe points C/, C6, C9, CIO, and C17, and the 
angles of Ihe other main lines, marking the stakes, when placed, 
to correspond wilh Ihe same points on the map. Then stake the 
angles and the upper ends of the laterals, and mark these stakes 
to correspond wilh Ihe map. 

It will greatly facilitale this operation, if the plan of the drains 
which IS used in the field, from which the horizontal lines should \i03] 
be omitted, have the intersecting 50-fool lines drawn upon it, so 
that Ihe measurements may be made from the neaiesi points of 
intersection.''* 

Having staked Ihese guiding points of Ihe drains, it is advisable 
to remove all of Ihe 50-foot stakes, as these are of no farther use, 
and wonld only canse confusion. [I will now be easy lo set the 
remaining stakes, — placing one al every 50 feel of the laterals, 
and at the intersections of all Ihe lines. 

A system for marking the stakes is indicated on the map, (in 
the C series of drams,) which, lo avoid the confusion which 
would result from too much detail on such a small scale, has 
been carried only lo Ihe extent necessary for illustration. The 



'^ The sliikcs u^cd nuy be I S iriclics long, and driven one-half of rhcic Length 
ml J ihc ground. They should have one side ajfTicicnlly snusolh lo be dislinclly 
maiked wilh red chalk. 
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st^es of the line C iire marked C (, C2, C3^ elc. Tlie stakes of ill e 
sub-main C7, are marked C7a, C7b, C7c, elc. The slakes of ihe 
lateral which enters this drain at CVa^ are marked C7a/I^ C7a/2, 
C7a/3. etc. elc. This system, which connects the lettering of each 
lateral with its own sub-main and main, is perfectly simple, and 
avoids ihe possibility of confusion. The position of the slakes 
should all be lettered on the map, at the original drawing, and the 
same designating marks put on the stakes in the field, as soon as 
set. 

Grade Slakes^ (pegs about S or 10 inches long,j should be 
placed close at the sides of the marked stakes, and driven nearly 
their full length into the ground. The tops of these stakes furnish 
fixed points of elevation from which to lake Ihe measurements, 
and to make the computations necessary to fix Ihe depth of the 
drain at each stake. If the measurements were taken from Ihe 
surface of Ihe ground, a slight change of position in placing the 
instrument, would often make a difference of some inches in Ihe 
[104] depth of the dram. 

Taking the Levels. — For accurate work, il is necessary to 
ascertain the comparative levels of Ihe lops of all of Ihe grade 
stakes; or the distance of each one of ihem below nn imaginary 
horizontal plane. This plane, (in which we use only such lines as 
are directly above the drains,) may be called the "Datum Line." 
Its elevation should be such that it will be above the highest part 
of the land, and, for convenience, il is fixed at the elevation of 
the levelling instrument when it is so placed as to look over the 
highest part of the field. 

Levelling instfumenis are of various kinds. The best for the 
work in hand, is the common railroad level, which is shown in 
Fig. 6. This is supported on three legs, which bring it to about 
the level of the eye. Its essential parts are a telescope, which 
has two cross-hairs intersecting each other in the line of sight, 
and which may be turned on its pivot toward any point of Ihe 
horizon; a bubble glass placed exactly parallel to the line of 
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sight, and firmly secured in ils posilion so as to turn wilh the 
lelescope; iind an apparatus for raising or depressing any side 
of the instrument by means of set-screws. The inslrumeni is 
firnily screwed to the tripod, and placed at a point convenieni for 
looking over n considerable part of the highest land. By the use 
of the set-screws, the pliine in which the instrument revolves is 
brought to a level, so that in whatever direction the instrument is 
pointed, the bubble will be in the center of the glass. The line 
of sight, whichever way it is turned, is now in our imaginary 
pliine. A convenient position for the instrument in the field under 
consideration, would be iit the point, east of the center, marked 
K, which is about 3 feet below the level of the highest part of 
the ground. The telescope should stand about 5 feet above the 
surface of the ground directly under it. 

The LeveUing-Rod, [See Fig. 7,) is usually 12 feet long, is 
divided into feet and hundredths of a foot, and has a movable [insj 
target which may be placed at any part of its entire length. This 
is carried by an attendant, who holds it perpendicularly on the 
top of the grade-stake, while the operator, looking through the 
telescope, directs him to move the target up and down until its 
center is exactiy in the line of sight. The attendant then reads 
the elevation, and the operator records it as the distance below 
the (latum-iifie of the top of the grade-stake. For convenience, 
the letterings of the stakes should be systematically entered in a 
small field book, before the work commences, and this should 
be accompanied by such a sketch of the plan as wili serve as a 
guide to the location of the lines on the ground. 

The following is the form of the field book for the mam drain 
C, with the levels recorded: 



Letterewg of tme St\ke. 
Silt Basin 
C 1 
C2 



Depth from D^tum Line. 

18.20 

15.44 

14.36 
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C 3 
C4 
C 5 
C 6 
C 7 
C 8 
C 9 
C 10 
C II 
C 12 
C 13 
C 14 
C 15 
C 16 



12.85 

12.18 

11.79 

11.69 

11.55 

11.37 

11.06 

8.94 

8.52 

7.86 

7.70 

7.39 

7.06 

6.73 
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The levelling should be conlinued in Ihis manner, unlil llie 
grades of all Ihe poinis are recorded in the field book. 

If, from too great depression of the lower parts of the field, 
or loo great distances for observalion, il becomes necessary lo 
take up a new posilion wilh ihe inslrumenl, ihe new level should 
be connecled, by measurement with Ihe old one, and Ihe new 
observations should be computed lo the original plane. 

It is not necessary llial Ihese levels should be noled on the 
map» — they are needed only for computing ihe deplh of cutling, 
and if enlered on the map, mighl be mistaken for the figures 
indicating the deplh, which il is more important to have recorded 
in their proper positions, for convenience of reference during the 
work. 

The Depth and Grade of Ihe Drains. — Having now slaked 
out the lines upon the land* and ascertained and recorded the 
elevations at the different stakes, it becomes necessary to deter- 
mine at what depth Ihe tile shall be placed at each point, so as 
to give the proper fall to each line* and to bring all of Ihe lines 
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Fig. 21 - PROFILE OF DRAIN C. 

Horizontal Scale, 66 ft. lo the inch. 
Vertical Scale, I 5 fl. lo the inch. 



1 to 1 7. Numbers of Stakes. 

(S2j etc. Distances belween Slakes. 

18.20 etc. Deplhs from datam-titie lo surface. 

2.50 etc. Depths of ditch. 
20.70 etc. Deplhs from dfitiun-hne lo drain. 
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of Ihe ^yslerti into accord. As Ihe simples! means of illusrniling 
the principle on which Ihis work should be done, it will be 
convenient to go through with the process with reference to Ihe 
main drain C, of the plan under consideration. A profile of this 
line is shown in Fig. 21, where the line is broken at stiike No. 7, 
and continued in the lower section of the diagram. The topmost 
line* from "Silt Basin" to "17," is the horizontiil datum-line. The 
numbers above the vertical lines indicate the slakes; the figures 
in brackets between these, the number of feel between Ihe stakes; 
and Ihe heavy figures ill the left of the vertical lines, the recorded 
measurements of depth from the datum-line to the surface of the 
ground, which is indicated by Ihe irregular line next below Ihe 
datum-line. The vertical nieasuremenls are, of course, very much 
exaggerated, lo make the profile more marked, but they are in 
the proper relation to each other. 

The depth at the silt -basin is fixed at 2-1/2 feet (2.50.) The 
rise IS rapid to stake 3, very slight from there to stake 7, very 
rapid from there lo stake 10, a little less rapid from Ihere lo stake 
1 1 , and still less rapid from there to slake 1 7. 
[lOB] To establish the grade by Ihe profile alone, the proper course 

would be to fix the depth at the slakes al which Ihe inclination 
is to be changed, to draw straight lines between the points thus 
found, and then to measure the vertical distance from these lines 
to Ihe line indicating the surface of the ground al the different 
stakes; thus, fixing the deplh at stake 3, at 4 feet and 13 hun- 
dredths,'^ Ihe line drawn from that point to the depth of 2.50, 
at the silt-basin, will be 3 feet and 62 hundredths p. 62) below 
state 1, and 3 feel and 92 hundredths [3.92) below stake 2. At 
stake 7 it is necessary lo go sufficienlly deep to pass from 7 to 10, 
without coming too near the surface at 9, which is at the fool of 
a steep ascent. A iine drawn straight from 4.59 feet below stake 



'^ The depth of 4. 1 3. in Fig. 21. us well as ihc other dcpihs ar ihc poinls al 
which the grjde chjnges, hiippeu lo be those foiirid by the compulalion, as 
heieaflei de:^nbed, and they arc used hcie For iiluslialiDn. 
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10 to 4.17 feet at stake 17, would be unnecessarily deep at 1 1, 
12, 13, and 14; iind, consequent ly it i^ belter to ri^e to 4.1 9 feet 
iit 1 L So far as thi^ part of the drain i^ concerned, it would be 
well to continue the same rise to 12, but, in doing so, we would 
come too near ihe surface at 13, 14, and I 5; or must considerably 
depress the line iit 16, which wonid either make a bad breiik. in 
the fall (it that point, or carry the drain too deep at 17. 

By the aniingement adopted, the grade is broken ill 3, 7, 10, 
and I L Between these points, it is a straight line, with the rate 
of fiill indicated in the following table, which commences at the 
upper end of the drain and proceeds toward its outlet: 



From 

Stake, 

Deptm. 

No. 

17... 4.17 

ft. 

No. 

11. ..4.19 

ft. 

No. 

10... 4. 59 

ft. 

No. 

7. ..4.47 

ft. 

No. 

3. ..4. 13 

ft. 



To 

Stske, 

Depth. 

No. 

1L..4.19 

ft. 

No. 

10. ..4. 59 

ft. 

No. 

7. ..4. 47 

ft. 

No. 

3.. A 13 

ft. 

S. Basin 

2.25 ft. 



Dest-snce Tot.\l 



246 ft. 



41 ft. 



91 ft. 



1 73 ft. 



1 86 ft. 



2.46 ft. 



12 ft. 



2.49 ft. 



96 ft. 



3.47 ft. 



R.\TE OF 
F.\LL. 

Pep 100 
Ft. 
1.09 ft. 



2.00 ft. 



2.83 ft. 



56 ft. 



1.87 ft. 



It will be seen that the fall becomes more rapid as we ascend 
from stake 7, but below this point it is very much reduced, so |L(i9 
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much as to make il very likely llial silt will be deposited, (see 
page 91), iind The drain, lliereby, obslrucled. To provide iigainst 
this, a silt -basin musi be placed at this point which will collect 
the silt and prevent its entriince into the more nearly level tile 
below. The construction of this sill-basin is more particularly 
described in the next chapter. From stake 7 to the main sill-basin 
the fall is such that the drain will clear itself. 

The drawing of regular profiles, for Ihe more important drains, 
will be useful for the purpose of making Ihe beginner fiimiliar 
wilh Ihe method of grading^ and wilh Ihe principles on which 
the grade and depth are computed; and sometimes, in passing 
over very irregular surfaces, ihis method will enable even a 
skilled drainer to hit upon the best adjustment in less time than 
by computation. Ordinarily, however, the form of computation 
given in the following table, which refers to the same drain, (C,) 
will be more expeditious, and its results are malhematically more 
correcl.'^ 







Fall. 




Depth 










Feet 




from 










and 




Da- 










Deci- 




tum 










mals. 




Line. 






No. of 


Distanc 


?Per 


B etwee 


To 


To 


Depth 


Slake. 


Be- 


100 


Stakes. 


Drain. 


Sur- 


of 




tween 


Feel. 






face. 


Drain. 




Stakes. 













"■ The Figurca m ihis Idblc. as well a& in Ihe ncsf preceding one, arc adopled 
for ihe pubh^hcd profile of drain C. Fig. 2 I, lo avoid confusion, la ocdinacy 
cases, the pomls \vhich are fixed as ihe basis of ihe compjlalion are givea in 
rouad auinbcr^i — for inslance, ihe deplh al C3 would be a'vsumcd lo be 4. 10 or 
4.20, laslead of 4. 1 3. ThcfraclioasgLven in ihe lablc, and in Fig. 2 I, arise from 
ihe faci ihal ihe decimals are nol absolulely correcl, being earned oul only for 
two f igurci. 
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Silt 
Basin. 
C. 1. 

C.2. 

C. 3. 

C.4. 

C. 5. 

C. 6. 

C. 7. 



C. 8. 









20.70 


18.20 


2.50 ft 








ft. 


ft. 




82 fl. 


2 ft. 


1.64 
ft. 


19.06 
II 


15.44 


3.48 ft 


39 ft. 


do. 


.78 ft. 


18.28 
II 


14.36 


3.83 ft 


65 ft. 


do. 


1.30 
ft. 


16.98 
II 


12.85 


4. 1 3 ft 


51 ft. 


.56 


.28 ft. 


16.70 
II 


12.18 


4.52 ft 


43 ft. 


do. 


.24 ft. 


16.46 
II 


11.79 


4.67 ft 


47 ft. 


do. 


.26 fl. 


16.20 
II 


11.69 


4.51 ft 


32 ft. 


do. 


.18 ft. 


16.02 


11.55 


4.47 ft 


41 ft. 


2.83 


1.16 
ft. 


14.86 
II 


11.37 


3.49 ft 



Silt- 
Basin 
here. 
Made 
deep 
at 

Nos. 
7 and 
10 to 
pass 
a de- 
pres- 
sion 
of Ihe 
sur- 
face al 
No. 9. 
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C.9. 



C.]0. 



C.IL 



C.]2. 



C.]3. 



C.I4. 



C.13. 



C.I 6. 



CM. 



12 fr. 


do. 


.34 fl. 


14.52 


11.06 
II 


3.46 ft 


38 ft. 


do. 


.99 ft. 


13.53 


8.94' 


4.59 ft 


41 ft. 


2.00 


.82 ft. 


12.61 

■r 


8.52 ' 


4.39ft 


41 ft. 


1.09 


.44 ft. 


12.27 

■r 


7.86' 


4.41 ft 


41 ft. 


do. 


.44 ft. 


II. S3 


7.70' 


4.13R 


41 ft. 


do. 


.44 ft. 


11.39 


7.39' 


4.00 ft 


41 ft. 


do. 


.44 ft. 


10.95 


7.06' 


3.89 ft 


41 ft. 


do. 


.44 ft. 


10.51 

■r 


6.73' 


3.88 ft 


41 ft. 


do. 


.44 ft. 


10.07 
•• 


5.90' 


4.17 ft 



NoTt . — The method of milking the foregoing compulalion is 
this: 



IsL Enter the lettering of Ihe stakes in the first column* 
commencing at the lower end of Ihe drain. 

2d. Enter Ihe distances be^^^eell each two slakes in the 
second column, placing Ihe measuremeni on Ihe line with the 
number of the upper stake of the Iwo. 

3d. In Ihe next to Ihe lasl colnmn enter, on the line with 
each slake, ils depth below ihe datnm-line* as recorded in the 
field book of levels, [See page 105.) 

4lh. On Ihe first line of the last column, place the deplh of 
the lower end of the drain, (this is established by Ihe grade of 

the main or other outlet at which il discharges.) 
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5lh. Add this depth lo the First uunibei" of the line next 
preceding il, and enler the sum obtained on the first line of the 
fifth column, as the depth of the drain below the dalum -line. 

6lh. Having referencetolhegrJideofthe surface, (as shown 
by the figui'es 111 the sixth column J as wellas toany necessily 
for placing the drain al certain depths at certain places, enler 
the desiied depth, fn pencf!. in the last column, opposite tlie 
stakes marking those places. Then add together this depth and 
the corresponding surface measurement in the column next 
preceding, and enter the sum, in pencil, in the fiftli column, 
as the depth from thedatum-hne to the desired posihon of the 
drain. (In the example in hand, these points are at Nos. 3, 7, 
10,11, and 17.) 

7th. Subtract the second amonnt in the fifth column from 
the first amount for the total fall between the two points — in 
the example, "3" from "Sih-Basin. " Divide this total fall, (in 
feet and hundi'edths,) by one hundredth of the total number of 
feet between Iheni. The result will be the rate of fall per 100 
feet, and this should be entered, in the third column, opposite 
each of the intermediate distances between the points. 

Example: 

Depth of the Drain at the Silt-Basin 20.45 feet. 
Depth of the Drain al ihe Stake No. 3 1 6.98 feet. 



Difference 3.47 feet. 

Distance between the two 1 86. — feet. 

l.86j3.47(l.S65or 1.S7 



86 



1 6ro 

] 488 

1 220 
] 116 
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1 040 
930 
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Sih. MuUiply Ihe numbers of the second column by fhose 
of Ihe thii"d and divide The prodiicl by 100. The resuU will be 
fhe ^moimr of fall belweeii Ihe slakes, [fourlh column.) — Ex- 
ample; L87xS2=153^1O0=l.53. 

9lh. SubtracI Ihe first number of Ihe foiirlh column from 
the first number of Ihe fifth column, (on Ihe line above 
it,) ^nd place the remainder on the next line of the fifth 
column.— Example; 20.70-1.64= 19.06. 

Then, from Ihis new aniounl, subtracI the second number 
of Ihe fourth column, for ihe nexl nmnber of Ihe fifth, and so 
on, unlil, m place of the entry in i>encil, (Slake 3,) we place 
theexaci result of the compulation. 

Proceed in like manner wilh Ihe next inlerval, — 3 to 7. 

10th. SubtracI ihe numbers in Ihe sixlh column from those 
in Ihe fifth, and Ihe remainders will be Ihe depths lo be enlered 
in Ihe lasl. 

Under ihe head of "Remarks," nole any peculiarity of the 
drain which may require atlenlion in Ihe field. 

The main lines Ay D, and E, and the drain B, should next be 
graded on the plan sel forlh for C, and their kilerals, all of which 
have considerable fall, and being all so steep as not lo require 
sill-basins al any point, — can, by a very simple application of the 
foregoing principles, be adjusted al the proper deplhs. In grading 
the stone and tile drain, (fi, /,) it is only necessaiy to adopi ihe 
depth of the last slakes of the lalerals, with which it is connected, 
as it is immalerial in which direction the waler flows. The ends 
of this drain, — from H to Ihe head of the drain C/0, and from /lo 
the head of C (7^ — should, of course, have a decided fall loward 
llie drains. 
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The lalenils which are placed at intervals of 20 feet, over 
the underground rock on the easi side of the field* should be 
continued at a depth of about 3 feet for neErly their whole fength, 
dropping in a distiince of 8 or 10 feel al Iheir lower ends to the 
lop of ihe tile of the main. The intervals belween Ihe iower ends 
of C7c, C7d, and C7ey being considerably more than 20 feet, the 
drains may be gradually deepened, throughout their whole length 
from 3 feel al Ihe upper ends to Ihe deplh of the top of the main 
iit Ihe lower ends. 

The main drains F and G» being laid in flat land* Iheir oiillets liizj 
being fixed at a deplh of 3.50, (the floor of the main outlet,) and 
it being necessary lo have Ihem as deep as possible throughout 
Iheir enlire length* should be graded wilh great care on Ihe least 
admissible fall. This, in ordinary agriculliiral drainage, may be 
fixed at .25, or 3 inches, per 100 feet. Their laterals should 
commence with Ihe lop of Iheir 1/4 lile even with the top of the 
2-1/2 collar of Ihe main, — or A 5 higher Ihan Ihe grade of the 
mam, — and rise, al a uniform mclmalion of .25, to Ihe upper end. 

Having now compuled ihe depth at which the tile is to lie, 
at each slake, and enlered it on the map, we are ready lo mark 
Ihese depths on Iheir respective slakes in the field, when the 
preliminary engineering of ihe work will be compleled. 

It has been deemed advisable in this chapter to consider the 
smallest details of the work of the draining engineer. Those who 
intend to dram in the best manner will find such details impor- 
tant. Those who propose lo do their work less thoroughly, may 
still be guided by the principles on which Ihey aie based. Any 
person who will lake Ihe pains to maliire Ihe plans of his work 
as closely as has been here recommended, will as a consequence 
commence his operalions in the field much more imderslanding- 
ly. The advantage of having everything decided beforehand, — so 
that Ihe workmen need not be delayed for want of sufficieni 
directions, and of making, on the map, such alterations as would 
have appealed necessary in ihe field, ihus saving the cosi of 
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culling ditche? in the wrong places, will well repay ihe work of 
the evenings of a whole winler. 
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CHAPTER IV. - HOW TO MAKE 
THE DRAINS. 

Knowing, now, precisely what is lo be done; having Ihe line^ all 
slaked out, and ihe slakes so marked as lo be clearly designated; 
knowing the precise deplh at which Ihe drain is lobe laid, at every 
point; having the requisite tiles on Ihe ground, and thoroughly 
inspected, Ihe operalor is prepared lo commence actual work. 

He should determine how many men he will employ, and what 
tools they will require to work lo advantage. It may be best that 
the work be done by two or Ihree men, or il may be advisable 
to employ as many as can work withoul interfering wilh each 
other. In most cases, — especially where there is much waler to 
conlend with, — the latter course will be the most economical, as 
the ditches will not be so liable to be injured by the softening of 
their botloms, and ihe caving in of their sides. 

The Tools Required are a subsoil plow, iwo garden lines, 
spades, shovels, and picks; narrow finishing spades, a finishing 
scoop, a lile pick, a scraper for filling Ihe ditches, a heavy 
wooden maul for compacling the bollom filling, half a dozen 
boning-rods, a measuring rod, and a plumb rod. These should all 
be on hand at the oulset, so that no delay in Ihe work may resull 
from the wan I of them. 

Wrilers on drainage, almosi withoul exception, recommend 
the use of elaborate sets of loo Is which aie intended for cutting ills 
very narrow dilches, — only wide enough al Ihe boltom lo admil 
the lile, and nol allowing the workmen lo sland in the boltom of 
the ditch. A sel of Ihese tools is shown in F12. 22. 
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Fig. 22 -SET OF TOOLS. 

Fliil Spades of vnrloui lenglhti and u'ldth^. Bill-necked Scoop 
(A); Tile-layer [B)\ Pick-jxe (C); and Scoop Spades, and ShoveL. 



CHAPTER IV. -HOW TO MAKE THE DRAINS. 117 

Possibly there miiy be soils in which Ihese implemenls, in 
the hands of men skilled in Iheir use, could be employed with 
economy, but they are very rare, and it is not believed lo be 
possible, under any circumslances, to regulate the boltom of the 
ditch so accurately as is advisable, unless the workman can stand 
directly upon il, cutting it more smoothly than he could if the 
point of his tool were afoot or more below the level on which he 
stands. 

On this subject* Mr. J. Bailey Denton, one of the first draining 
engineers of Great Britain, in a letler lo Judge French, says: 

"As lo tools, it is ihe same wilh them as it is with the art of 
draining itself, — too iinich rule and loo much drawing upon pa- 
per; all very right lo begin wilh, bill very prejudicial to progress. 
I employ, as engineer lo the General Land Drainage Company, 
and on my private account, during Ihe drainage season, as many 
as 2,000 men, and it is an actual fact, thai not one of ihem uses 
the sel of lools figured in print. I have frequently purchased a 
number of sets of Ihe Birmingham tools, and sent Ihem down 
on exiensive works. The laborers would purchase a few of the 
smaller lools, such as Nos. 290,291, and 301, figured in Morion's 
excellent Cyciopidia of Agriculture, and would try ihem, and 
then order others of the country blacksmith, differing in several 
respects; less weighty and much less costly, and moreover, much 
better as working lools. All I require of Ihe cutlers, is, that 
the boltom of Ihe drain should be evenly cut, to fit ihe size of 
the pipe. The rest of the work takes care of itself; for a good 
workman will economize his labor for his own sake, by moving 
as little earth as practicable; thus, for instance, a first-class cutler, 
in clays, will get down 4 feet wilh a 1 2 -inch opening, ord\nai-Uy\ \ i i6i 
if he wishes lo .'ihuw ojj^ he will sacrifice his own comforl to 
appearance, and will do it with a 10-inch opening." 

In Ihe Central Park work, sets of these lools were procured, 
at considerable expense, and every efforl was made lo compel 
the men lo use them, but it was soon found thai, even in the 
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eiisiesl digging, there was a real economy in using, for the first 
3 feet of the ditch, Ihe cortinion spade, pick, and shovel, — fin- 
ishing the boltoms with Ihe nairow spade and scoop hereafter 
described, and it is probable that Ihe experience of that work will 
be sustained by that of the country at laige. 

Marking the Lines. — To lay a drain directly under the posi- 
tion of its slakes, would require that enough earth be tefl at each 
point to hold the slake, and that the ditch be tunneled under it. 
This is expensive and unnecessary. It is belter to dig Ihe dilches 
al one side of the lines of stakes, far enough away for Ihe earth 
to hold Ihera firmly in their places, but near enough to allow 
measurements to be taken from the grade pegs. If the ditch be 
placed always lo the right, or always lo the left, of ihe line, and 
at a uniform dislance, Ihe general plan will remain the same, and 
the lines will be near enough to those marked on the map to be 
easily found at any future lime. In fact, if it be known that the 
line of tiles is two feet lo the right of the posilion indicated, it 
will only be necessaiy, at any time, should il be desired lo open 
an old drain, lo measure Iwo feet to the right of the surveyed 
posilion to sirike the line at once. 

In soils of ordiiiai'y tenacity, ditches 4 feet deep need not be 
more Ihan twenly (20) inches wide at the surface, and four (4) 
inches wide at the bottom. This will allow, in each side, a slope 
of eighl (8) inches, which is sufficient excepi in very loose soils, 
and even these may be braced up, if inclined to cave in. There 
[117] are cases where the soil conlains so much running sand, and is 

so saluraled wilh water, that no precautions will avail to keep up 
the banks. Ditches in such ground will sometimes fall in, until 
the excavation reaches a width of 8 or 10 feel. Such instances, 
however, are very rare, and musi be treated as Ihe occasion 
suggeslt.. 

One of the garden lines should be set at a distance of about 6 
inches froni Ihe row of slakes, and Ihe olher at a further dislance 
of 20 inches. If the land is in grass, the posilion of Ihese lines 
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niiiy be marked wilh a spade, and rhey may be removed at once; 
but» if it is arable land, il will be best lo leave the line^ in position 
until the ditch is excavated lo a sufficient depth to mark it clearly. 
Indeed, it will be well to at once remove ali of ihe sod and surface 
soil, say to a depth of 6 inches, (ihrowing ihis on Ihe sanie side 
with the slakes, and back of Ihem.j The whole force can be 
profitably employed in ihis work, unlil all of Ihe dilches lo be 
dug are scored lo this deplh over the enlire iraci to be drained, 
excepi in swamps which are still loo wel for this work. 

Waler Courses, — The brooks which carry Ihe water froni the 
springs should be "jumped" in marking out Ihe lines, as il is 
desirable Ihat their waler be kept in separate channels, so far as 
possible, unlil the liles are ready to receive il, as, if allowed to 
run in the open dilches, il would imdermine the banks and keep 
Ihe boltom too soft for sound work. 

With Ihis object, commence al Ihe southern boundary of our 
example iraci, 10 or 15 feel east of the point of oiillet, and drive 
a siraighl, lemporary, shallow dilch lo a point a little wesi of the 
intersection of the main line D with its first lateral; then carry 
it in a northwesterly direction, crossing C midway between the 
silt -basin and stake C /, and thence into the preseni iine of the 
brook, liirning ali of the waler into the ditch. A branch of this iiibj 
ditch may be run up between the lines F and G lo receive the wa- 
ler from the spring which lies in that direclion. This arrangement 
will keep ihe waler out of the way unlil Ihe drains are ready to 
lake it. 

The Outlet, — The water being all discharged through Ihe new 
temporary dilch, Ihe old brook, beyond the boundary, should be 
cleared out lo ihe final level [3.7 5, j and i\y\ excavation made, just 
within the boundary, sufficient lo receive Ihe masonry which is 
to prolecl the outlet. A good form of outlet is shown in Fig. 23. 
It may be cheaply made by any farmer, especially if he have 
good slone at hand; — if nol, brick may be used, laid on a solid 
foundalion of slout planks, which, (being prolecled from Ihe air 



120 



Draining for Profit, and Draining for Health 



and always saluraled iiilh water.l will latJl a very long time. 




Fig. 23 - OUTLET. SECURED WITH MASONRY AND 
GRATING. 
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Ifmade of stone, a solid floor, at leas) 2 feet square, should 
be placed at, or below, the level of ihe brook. U this consist of 
a single slone. it will be belter than if of several smaller pieces. 
On this, place another layer extending the whole width of the 
first, but reaching only from its inner edge lo its center line, so 
as to leave a foot in widlh of the bottom stone to receive Ihe fall 
of Ihe water. This second layer should reach exactly the grade 
of the outlet (3.50) or a height of 3 inches from the brook, level. 
On the floor thus made, there should be laid the tiles which are 
to constitute the outlets of the several drains^ i.e., one 3-1/2-inch 
tile for the line from the sih-basin, two I -1/4-inch for the lines F 
and G, and one 2-1/4-inch for the main line £^. These tiles should 
lie close lo each other and be firmlvcemenled together, so that no 
water can pass outside of them, and a rubble-work of stone may 
with advantage be carried up a fool above them. Stone work, 
which may be rough and uncemenled, but should always be 
solid, may then be built up al the sides, and covered with a secure 
coping of stone. A floor and sloping sides of stone work, jointed 
with the previously described work, and well cemented, or laid 
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in snongclay or morliir, may, wilh benefil, be carried a few feel 
beyond Ihe outlet. This will effectually preveni ihe nndermining 
of the structure. After the entire dri^inage of the field is finished^ 
the earth above these sloping sides, and that back of the coping, 
should be neiitly sloped, and protected by sods. An iron grating, 
fine enough to prevent the entrance of vermin, placed in front 
of the tile, at a little distance from them, — and secured by a flat 
stone set on edge and hollowed out, so as merely to allow the 
water to flow freely from the drains, — the stone being cemented 
in Its place so as to allow no water to pass under it, — will give a 
substantial and permanent finish to the structure. 

An outlet finished in this way, at an extra cost of a few 
dollars, will be most satisfactory, as a lasting nieans of securing 
the weakest and most important part of Ihe system of drains. 
When no precaution of this sort is taken, the water frequently 
forces a passage nnder Ihe tile for some distance up Ihe drains, 
undermining and displacing them, and so softening the bollom 
that it will be difficult, in making repairs, to secure a solid 
foundation for the work. Usually, repairs of this sort, aside from \riO] 
the annoyance attending them, will cost more than the amount 
required lo make the permanent outlet described above. As well 
constructed outlets are necessarily rather expensive, as much of 
the land as possible should be drained to each one that it is 
necessary to make, by laying main lines which will collect all of 
Ihe water which can be brought lo it. 

The Main Silt -Basin. — The silt -basin, at which the drains are 
collected, may best be built before any drains are brought lo it, 
and Ihe work may proceed simultaneously with thai at the outlet. 
It should be so placed thai its center will lie exactly under the 
stake which marks ils position, because it will constitute one of 
the leading landmarks for Ihe survey of Ihe drains.'^ 

Before removing the slake ^nd grade stake, mark their position 



' The drams, which arr removed u lilllc loonc sidcDflhc hric&of W iikcs, may 
be luracd toward ihc baun from a dialancc of 3 or 4 Feci. 
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by four 5lakes, set iit n distance from it of 4 or 5 feel* in such 
posilions ihal iv^o lines, drawn from Ihose which are opposile lo 
eiich olher, will intersect al Ihe point indicated; and place near 
one of them a grade stake, driven to Ihe exact level of Ihe one 
to be removed. This being done, dig a well, 4 feel in diameter, 
to a depth of 2-1/2 feel below Ihe griide of the oullet drain, (in 
the example under consideration this would be 5 feel below the 
grade stake.) [f much water collects in the hole, widen it, in 
the direction of the oullel dram, sufficieiilly lo give room for 
baling out the waler. Now build, in this well, a structure 2 feet in 
interior diameter, such its is shown in Fig. 24, having its bottom 
2 feet, in Ihe cleai", below the grade of Ihe outlet, and cairy ils 
wall a lillle higher than the general surface of the ground. At ihe 
proper heighl insert, in the brick work, the necessary for tiles all 
[121] incoming and outgoing drains; in this case, a 3-1/2-inch tife for 

Ihe outlel, 2-1/4-inch for the mains A and C, and 1 -1/4-inch for 
B and D. 

This basin being finished and covered with aflat stone or olher 
suitable material, conned it with the outlet by an open ditch, 
unless Ihe bottom of the ditch, when laid open to Ihe proper 
depth, be found to be of muck or quicksand. In such case, it 
will be best to lay ihe tile at once, and cover it in for the whole 
distance, as, on a soft bottom, it would be difficult to lay it well 
when the full drainage of the field is flowing through the ditch. 
The tiles should be laid with all care, on a perfectly regulated 
fall, — using strips of board under them if the bottom is shaky or 
soft, — as on this line depends the success of all the drains above 
it, which might be rendered useless by a single badly laid tile at 
this point, or by any other cause of obstruction to the flow. 

While the work is progressing in the field above, there will be 
a great deal of muddy water and some sticks, grass, and other 
rubbish, running from the ditches above the basin, and care must 
be taken to prevent this drain from becoming choked. A piece of 
wire cloth, or basket work, placed over the outlet in the basin. 
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Fig. 24 - SILT -BASIN, BUILT TO THE SURFACE. 
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will keep our the coarser marlers, and the mud which would 
accLiniuliite in Ihe lile may be removed by occasional flushing. 
[122] This is done by crowding a tufi of grass, — or a bit of sod» — into 

the lower end of the tile ial the oiillet,) securing it there until the 
water rises in the basin, and ihen removing il. The rush of water 
will be sufficient to wash the tile clean. 

This plan is not withoul objeclions* and, as a rule, it is never 
well to lay any tiles at the lower end of a dram until all above 
il is finished; but when a considerable oiillet must be secured 
through soft land, which is inclined to cave in, and lo get soft at 
the bollom, il will save labor to secure the tile in place before 
much water reaches it, even though it require a daily flushing lo 
keep It clean. 

Opening Ihe Ditches. — Thus far it has been sought to secnre 
a permanent outlet, and to conned it by a secure channel, with 
the sill-basin, which is to collect the waler of Ihe different series 
of drains. The next step is to lay open the ditches for these. U will 
be best toconiiiience with Ihe main line A and its lalerals, as they 
will lake mosi of the water which now flows through Ihe open 
brook, and prevent its interference with the rest of the work. 

The first work is the opening of Ihedilches lo adeplh of about 
3 feel, which may be best done with ihe comnion spade, pick, 
and shovel, except that in ground which is tolerably free from 
stones, a subsoil plow will often take Ihe place of Ihe pick, with 
much saving of labor. It may be drawn by oxen working in a 
long yoke, which will allow ihem lo waik one on each side of 
the ditch, but this is dangerous, as Ihey are liable lo disturb the 
stakes, (especially Ihe grade slakes,) and lo break down the edges 
of the ditches. The best plan is louse asniall subsoil plow, drawn 
by a single horse, or sirong nnile, Irained lo walk in the ditch. 
The beasi will soon learn to accommodate himself to his narrow 
quailers, and will work easily in a ditch 2-1/2 feel deep, having 
a width of less than afoot al Ihe botlom; of course there must be 
a way provided for him to come out at each end. Deeper than 
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ihis there is no economy in using horse power, and even for this 
depth II will be necessary to use a plow having onLy one si ill. 



|i:31 



Fig. 25 - FINISHING SPADE. 



Before the nuin line is cut inio [he open brook, this should 
be furnitjhed wilh a wooden trough, which will cjrry ihe water 
across it, so that the ditch shall receive only the filtration from the 
ground. Those latercils west of the main line, which are crossed 
by the brook, had better not be opened at present, — not until the 
water of the spring is admilled to and removed by the drain. 
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Fig. 26 -FINISHING SCOOP. 
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The other liiteials and the whole of Ihe main line, having been 
cut lo ii deplh of 3 feel, lake a finishing spade, (Fig. 25,) which 
is only 4 inches wide at its pointy and dig to within 2 or 3 inches 
of the deplh miirked on Ihe slakes, making Ihe boltoni toler^ly 
smoolh, wilh ihe aid of Ihe finishing scoop, [Fig. 26, j and giving 
it as regular an inclmalion as can be oblained by ihe eye alone. 




Fis. 27 -BRACING THE SIDES IN SOFT LAND. 



If the ground is "rotten," and Ihe banks of the ditches incline to 
cave in, as is often the case in passing wel pkices, the earth which 
is thrown out in digging must be thrown back sufficienlly far 
from the edge to prevent its weight from increasing the tendency; 
iind the sides of the ditch may be supported by bits of board 
braced aparl as is shown in Fig. 27. 

The manner of opening the dilches, which is described above, 
for the main A and its laterals, will apply to the drains of the 
whole field and lo all similar work. 

Grading Ihe Botloms, — The nexl slep in ihe work is lo grade 
Ihe boltoms of Ihe ditches, so as lo afford a bed for Ihe liles on 



I24| 
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Fig. 2S - MEASURING STAFF. 
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the exact lines which are indicaled by Ihe figures marked on the 
different slakes. 

The miinner in which this is to be done may be ilUistraled by 
describing the work required for the line from CIO to CI 7, (Fig. 
20,) after it hiis been opened, as described above, lo within 2 or 
3 inches of the final depth. 

A measuring rod» or sqiiaie, such as is shown in Fig. 28,'* is 
sel at CIO, so thai the lower side of its arm is at ihe mark 4.59 on 
the staff, (or al a little less than 4.6 if it is divided only inio feel 
and lenthSf) and is held uprighl in ihe ditch, with its arm direclly 
over the grade stake. The earlh below it is removed* little by 
liltle, until it will louch Ihe lop of the stake and the bottom of 
the dilch at the same time. If the ground is soft, it should be cut |L25 
out until a flat stone, a block of wood, or a piece of tile, or of 
brick, sunk in the boltom, will have its surface at the exact point 
of measurement. This point is Ihe boltom of Ihe ditch on which 
the collar of ihe tiie is lo lie al thai stake. In Ihe same manner 
the depth is fixed al CII (4.19,) and CI2 (4.41,) as the rate of 
fall changes at each of these points, and at CI5 (3.S9,) and CI7 
(4.17,) because (aUhough Ihe fall is uniform from C(2 to C17,) 
the distance is too great for accurate sighting. 

Having provided boning-rods^ which are ships of board 7 feel 
long, having horizontal cross pieces at their upper ends, (see 
Fig. 29,) set these perpendicularly on Ihe spots which have been 
found by measurement lo be al the correct deplh opposite stakes 
10, I ], 12, 15, and 17, and fasten each in its ptace by wedging it 
between two sirips of boaid laid across Ihe dilch, so as to clasp 
it, securing Ihese in their places by laying stones or earlh upon 
their ends. 

As Ihese boning-rods are all exactly 7 feet long, of course, 
a line sighted across their lops will be exactly 7 feet higher, al 
all points, ihan Ihe required grade of ihe ditch direclly beneath 



The fool of ihc measuring loA should be shod wilh iron lo prcvcnl [l& being 
worn lo less ihau ihc proper icnglh. 
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Fig. 29 -BON[NG ROD. 
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it, and if a plumb rod^ (Eimilar to ihe boning-rod, but provided 
with a line jnd plummet,) be set perpend icularlv on any point of 
Ihe botlom of The dralD> Che relalion of its cross piece to the line 
of sight across Ihe tops of ihe boning-rods will show whether 
the bottom of the ditch Jt that point is too high, or too low, or 
just right. The manner of ijighting over two boning-rods and ajj 
intermediate pfumb-rod, is 5hown in Fig. 31 . 




Fig. 30 -POSITION OF WORKMAN AND USE OF 

FINISHING SCOOP. 

Three persons are required to finish the bottom of the ditch; [isfii 
one to sight across the tops of the boning-rods, one to hold the 
plumb-rod at different points as the finishing progresses, and one 
in the ditch, (see Fig. 30,) provided with the finishing spade and 
scoop, — and, in hard ground, wi± a pick, — to cut down or fill 
up as the first man calls "too high," or, "too low." An inch or 
two of filling maybe beaten sufficiently hard with the back of the 
scoop, but if several inches shouid be required, it shouid be well 
rammed with the top of a pick, or other suitable instrument, as 
any subsequent settling would disarrange the fall. 



Vf 



Fig. 31 - SIGHTING BY THE BONING-RODS, 
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As the laleral drains are to be laid first, they should be Ihe first 
graded, and as Ihey iire arriinged to discliiirge into the lop^ of llie 
mains, Iheir waler will still flow off, although the main ditches 
[127] are not yet reduced to Iheir final depth. After the lateriils are 

laid and filled in, Ihe miiin should be graded, commencing at Ihe 
upper end; the tiles being laid and covered as fast as ihe bottom 
is made ready, so that it niiiy no! be disturbed by the waler of 
wh ich the niiiin carries so much more than the laterals. 

Tile-Laying. — Gisborne says: "It would be scarcely more ab- 
surd lo set a common blacksmith to eye needles ihan to employ a 
common laborer to lay pipes and collars." The work comes under 
the head of skideti tabor, and, while no very great exercise of 
judgment is required in its performance, Ihe Utile thai is required 
is imperatively necessary, and ihe delails of Ihe work should be 
deftly done. The whole previous outlay, — Ihe survey and staking 
of the field, Ihe purchase of Ihe tiles, Ihe digging and grading of 
the dilches — has been undertaken ihat we may make the conduit 
of earthenware pipes which is now to be iaid, and the whole may 
be rendered useless by a want of care and compleleness in Ihe 
performance of this chief operation. This subject, (in conneclion 
wilh thai of finishing Ihe bottoms of the ditches,) is very clearly 
treated in Mr. Hoskyns' charming essay,'^ as follows; 

"Tl was urged by Mr. Brunei, as a justificalion for more 
attention and expense in Ihe laying of the rails of the Greal Wesl- 
ern, Ihan had been ever Ihoughl of upon previously conslrucled 
lines, Ihat all the embankmenis and cultings, and earthworks and 
slalions, and law and parliamenlary expenses — in faci, the whole 
of Ihe outlay encountered in the formation of a railway, had for 
ils main and ultiniale objecl a peifeclty smooth and tevet line of 
fail; Ihal lo turn stingy at this point, just when you had arrived 
at the great ullimalum of the whole proceedings, viz: Ihe iron 
wheel-track, was a sort of saving which evinced a wani of true 



"Talpu, or ihc ChronicJcsof a Clay FaEm.- 
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preception of Ihe gieal objecl of all ihe labor thai had preceded it. 
It may seem curious to our experiences, in Ihesedays, thai such a |]?si 
doctrine could ever have needed to be enforced by LirgumenI' yet 
no one will deem it wonderful who hiis personally witnessed the 
unaccounlable and evernew difficully of getting proper alten lion 
paid lo the leveling of Ihe bottom of a driiin, and ihe laying of 
the tiles in that continuous line* where one single depression or 
irregularily, by collecting Ihe waler at that spot, year after year, 
tends toward the eventual stoppage of Ihe whole drain^ ihroiigh 
two distinci causes^ the softening of Ihe foundation underneath 
the sole» or tile flange, and the deposit of soil inside the tile 
from Ihe wiiler collecled at the spot, and slanding there afler the 
rest had run off. Every depression, however slighl, is constanlly 
doing this mischief in every drain where the fall is bul irifling; 
and if to the two consequences above mentioned, we may add 
the decomposition of the tile itself by Ihe aclioii of water long 
stagnani within it, we niay deduce that every lile-dram laid with 
these imperfections in Ihe finishing of Ihe bottom, has a tendency 
loward obliteration, out of all reasonable proportion with that of 
a well-biirni tile laid on a perfectly even inclination, which, hu- 
manly speaking, may be called a permanent ihing. An open ditch 
cut by the most skillful workman, in the summer, affords the 
besi illuslration of this underground mischief. Nothing can look 
smoolher and more even ihan Ihe boltom, unlil that imcompro- 
misiiig tesi of accurale levels, the waler, makes its appearance: 
all on a sudden the whole scene is changed, Ihe eye -accredited 
level vanishes as if some earthquake had taken place: here, there 
is a gravelly scoai; along which the siream rushes in a thousand 
lillle angry-looking ripples; Ihere, il hangs and looks as dull and 
heavy as if it had given up running at all, as a useless waste of 
energy; in anolher place, a few dead leaves or sticks, or a morsel 
of soil broken from ihe side, dams back Ihe waler for a cons id- |L29| 
erable distance, occasioning a deposil of soil along Ihe whole 
reach, grealer in proportion to the quantity and Ihe muddmess of 
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the water detained. All this shows The pLiiamoLint imporlance of 
perfect evenness in The bed on which Ihe tiles are iaid. The worsl 
laid lile is the measure of the goodness and permanence of the 
whole drain^ jusi as the weakest link of achiiin is the measure of 
its strength." 

The simple laying of the smaller sizes of pipes and collars in 
the lateral driiins^ is an easy matter. It requires care and precision 
in placing the collai" equally under the end of each pipe, (having 
the joint at the middle of the collar,) in having the ends of the 
pipes actually touch each other within the collars, and in brushing 
away any loose dirt which may have fallen on the spot on which 
the collar is to rest. The connection of the laterals with the mains, 
the laying of the larger sizes of tiles so as to form a close joint, 
the wedging of these larger tiles firmly into their places, and the 
trimming which is necessary in going around sharp curves* and in 
putting in the shorter pieces which are needed to fill out the exact 
length of the drain, demand more skill and judgment than ore 
often found in the common ditcher. Still, any clever workman, 
who has a careful habit* may easily be taught all that is necessary; 
and until he is thoroughly taught, — and not only knows how to do 
the work well* but, also, understands the importance of doing it 
well, — the proprietor should carefully watch the laying of every 
piece. 

Never have tiles laid by the rod. but ahvavs by the day. "The 
more haste, the less speed," is a maxim which applies especially 
to tile-laying. 

If the proprietor or the engineer does not overlook the laying 
of each tile as it is done, and probably he will not, he should 
carefully inspect every piece before it is covered. It is well to 
walk along the ditches and touch each tile with the end of a light 
[130] rod, in such a way as to see whether it is firm enough in its 

position not to be displaced by the earth which will fall upon it 
in filling the ditches. 

Preparatory to laying* the tiles should be placed along one 
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side of the dilch» near enough to be easily reached by n man 
standiitg in il. When collais are to be used, one of Ihese should 
be slipped over one end of each tile. The workman stands in the 
ditch« with his face toward its upper end. The first tile is laid 
with il collar on its lower end» and the collar is drawn one-half 
of its length forward, so as to receive the end of the next lile. 
The upper end of the first lile is closed with a stone* or a bit of 
broken tile placed firmly against il. The next tile has its nose 
placed into the projecting half of ihe collar of the first one, and 
its own collar is drawn forward to receive the end of the Ihird, 
and Ihus to the end of the drain* the workman walking backward 
as Ihe work progresses. By and by, when he comes to connect 
the lateral with the main, he may find thai a short piece of lile is 
needed to complete the length; Ihis should nol be placed next to 
the tile of Ihe main, where it is raised above the bottom of the 
ditch, but Iwo or three lengths back, leaving Ihe conneclion with 
the main to be niade with a tile of fiiil length. If ihe piece lo be 
inserted is only two or three inches long, it may be omilted, and 
the space covered by using a whole 2'/i-inch tile in place of the 
collar. In lurning corners or sharp curves, the end of Ihe tile may 
be chipped off, so as to be a liltle Ihinner on one side, which will 
allow it to be turned at a greater angle in ihe collar. 

If the drain turns a right angle, it will be better to dig oiil the 
bottom of Ihe ditch lo a depth of about eight inches, and lo set 
a 6-inch tile on end in Ihe hole, perforating its sides, so as to 
admit the ends of the pipes al the proper level. This 6-inch lile, 
(which acts as a small silt -basin,) should sland on a board or on 
a flat stone, and its lop should be covered wilh a stone or wilh a 
couple of bricks. Wood will lasl almosi forever below Ihe level |i3ii 
of the drain, where it will always be saturated wilh water, but in 
the drier earth above the tile, it is much more liable to decay. 

The Irimming and perforating of Ihe tile is done wilh a "tile- 
pick," (Fig. 32, J Ihe hatchet end, tolerably sharp, being used for 
the trimming, and ihe poini, for making Ihe holes. This is done 
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Fig. 32 - PICK FOR DRESSING AND PREFORATING 

TILE. 



by striking lightly around the circumference of the hole unti[ ihe 
cenler piece falls in, or can be easily knocked in. If the hole is 
irregular, and does not fit the tile nicely, ihe open space should 
be covered with bits of broken lile, to keep Ihe earth out. 

As fast as the laterals are laid and inspected, thev should be 
filled in to the depth of at least a fool, to protect the tiles from 
being broken bv the falling of stones or lumps of earth Irom the 
top. and from being displaced by water flowing in the ditch. Two 
or three feet of the lower end may be left uncovered until the 
connection with the main is finished. 

In the main drains, when the tiles are of the ^ize with which 
collars are used, the laving is done in the same manner. If it is 
necessary to use 3-1/2-inch tiles, or any larger size, much more 
care must be given to the closing of the joints. All tiles, in 
manufacture, dry more rapidly at the lop, which is more exposed 
to Ihe air, than at the bottom, and they are, therefore, contracted 
and made shorter at the top. This difference is most apparent 
in the larger sizes. The large round tiles, which can be laid on 
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iiny side, can easily be made to form n close joint, iind Ihey 
should be secured in Iheir proper posilion by stones or lumps of 
earth* wedged in between them and the sides of theditch. The 
sole liles nnist lie with the shortest sides up, and, usually, the |i32i 
spiice belween iwo liles, al the lop, will be froni one-qiiailer to 
one-hiilf of an inch. To remedy this defecl, and form a joini 
which may he protected against the entrance of earth, the bottom 
should he Irimmed off, so as to allow the lop5 lo conie closer 
together. Any opening, of less Ihan a quarter of an inch, can he 
satisfactorily covered, — more than ihat should not be allowed. 
In turning corners, or in passing around curves, with large tiles, 
their ends must he beveled off with the pick, so as to fit nicely in 
this posilion. 

The best covering for the joints of liles which are laid without 
collars, is a scrap of tin, beni so as to fit their shape, — scraps 
of leather, or bits of strong wood shavings, answer a very good 
purpose, though both of these lalter require to be held in place 
by putting a little earth over iheir ends as soon as laid on ihe tile. 
Very smalt grass ropes drawn over the joints, (the ends being 
held down with stones or earth,) form a satisfactory covering, 
but care shoiiid be taken Ihat they be not too thick. A small 
handful of wood shavings, thrown over Ihe joints, also answers a 
good purpose. Care, however, should always be taken, in using 
any material which will decay readily, to have no more than 
is necessary lo keep the earth out, lest, in its decay, it furnish 
material to be carried into the tile and obstruci the flow. This 
precaution becomes less necessary in the case of drains which 
always carry considerable streams of water, bill if they are al 
limes sluggish in their flow, too much care cannot be given to 
keep Ihem free of all possible causes of obslruclion. As nothing 
is gained by increasing the quantity of loose covering beyond 
what IS needed lo close Ihe joinis, and as such covering is only 
procured with some troubie, diere is no reason for its extravagant 
use. 
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There seems lo remain in the minds of many wrilers on 
drainage a glimmering of Ihe old fallacy Ihat underdrains, like 
[133] open drains, receive Iheir water from above, iind it is too com- 

monly recommended Ihat porous subslances be placed above llie 
tile. If, as IS universaily conceded, Ihe water rises inio llie lile 
from below, this is unnecessaiy. The praclice of covering the 
joints* and even covering the whole tile* (often to the depth of 
a foot,) with tan-bark, turf, coarse gravel, etc., is in no wise lo 
be commended; and, while the objections to il are nol necessar- 
ily very grave in all cases, it always inlroduces an element of 
insecurity, and it is a waste of money, if nothing worse. 

The tile layer need nol concern himself wilh Ihe question, of 
affording enlrance room for Ihe water. Lei him, so far as the rude 
malerials at hand will allow, make ihe joints perfeclly lighl, and 
when the water comes, it will find ample flaws in his work, and 
he will have been a good workman if it do not find room to flow 
in a current, cairying particles of dirt wilh il. 

In ditches in which waler is running at the time of laying the 
tiles, the process should follow closely after the grading, and 
the stream may even be dammed back, seclion after seclion, 
(a plugged lile being placed under the dam, lo be afterwards 
replaced by a free one,) and graded, laid and covered before 
the waler breaks in. There is one satisfaction in this kind of 
work, — that, while it is difficult to lay the drain so thorough- 
ly well as in a dry ditch, the amounl of waler is sufficieni lo 
overcome any slighl tendency lo obstruction. 

Connections. — As has been before stated, laleral drains 
should always enter at the lop of ihe main. Even in Ihe most 
shallow work, the slightly decreased depth of Ihe lateral, which 
this arrangemeni requires, is well compensated for by Ihe free 
oiillet which il secures. 

After Ihe lile of the main, which is lo receive a side drain, 
has been fitled lo lis place, and Ihe poini of junction marked, it 
should be liiken up and perforaled; then Ihe end of Ihe lile of Ihe 
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laleral tjhould be eo trimmed Ji to fU the hole as accuralely ns |i34| 
mnv be, ihe large tile replaced In lis posiLion, and [he small one 
laid on il, — reaching over to the floor of the lateral ditch. Then 
conned il with Ihe Ijleral as previously laid, fill up tiolidly the 
space under ihe [ile which rejches over lo the top of the main, 
(so Ihnl it cannot become dislurbed in filling.) and lay bili of lile, 
or other su liable covering, around the connecting joint."* 




Fig. 33 - LATERAL DRAIN ENTERING AT TOP. 



When [he main drain is iaid wilh collars, il should be so 
arranged ihal, by !iubstiluling a fiiil lile in Ihe place of ihe col- 
lar, — leaving, within il, a space between Ihe smaller pipes, — a 
conneclion can be made wilh this larger lile, as is represenled in 
FiEures 33 and 34. 




Fig. 34 - SECTIONAL VIEW OF JOINT. 



™ When chlpi ol [ilc, or similiir maLlcrs, arc used lo cover openings in ihe 
lile-iA'oiiL. il IS well lo cover ihem al once lA'ilh ii morlnr ni3de of svel clay, 

which wllJ keep [hem m place unlil the dilches are fLlled. 
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Sill-Basins should be u^ed :ir nil poinl^ wiiere a drain, after 
running for any considerable distance at a certain rale of fall, 
changes to a less rapid fall, — unless, indeed, the diminished fall 
be still sufficiently greal for ihe removal of siltv matters, {say 
two feel or more In a hundred). Thev may be made in any manner 
which will secure a stoppage of the direct current, and afford 
room below the floor of the tile for the deposit of the sill which 
the water has carried in suspension; and they may be of any 
suitable material; — eyen a sound flour barrel will serye a pretty 
good purpose for many years. The mosL complete form of basin 
is that represented in Figure 24. 




Fig. 35 -SQUARE BRICK SILT -BASIN. 



When the object is only to afford room for the collection of 
the silt of a considerable length of drain, and it is not thought 
worth while to keep open a communication with the surface, for 
purposes of inspection, a square box of brick work, [Fig. 33,) 
haying a depth of one and a half or two feet below Ihe floor of 
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ihe drain, — liles for ihe drains being built in ihe walls, and the 
lop covered 'A'ilh abroad stone, — will answer very welL 




Fig. 36 - SILT -BASIN OF VITRIFIED PIPE. 

A good sort of basin, lo reach to Ihe surface of Ihe ground, 
maybe made of large, vitrified drain pipes, — such as are used for 
lown sewerage, — having a diameter of from six to iwelve Inches, 
according to the requirements of the work. This basin is shown 
in Figure 36. 

Figure 37 represents a basin made of a 6-inch tile, — similar to 
ihal described on page 130, for turning a shorl corner. A larger 
basin of the same size, cheaper ihaii if built of brick., mav be [i36i 
made by using a large vilrified drain pipe in the place of ihe one 
shown in ihe cut. These vitrified pipes may be perforated in the 
manner described for the common lile. 

In laying Ihe main line C, (Fig. 21,) an underground basin of 
brickwork, (Fig. 35,) or ils equivalent, should be placed al slake 
7, because at that poini ihe water, which has been flowing on an 
inclination of 1 .09, 2.0Q and 2.83 per 100, conlinues its course 
over the much Less fall of only 0.5b per 100. 



142 



Draining for Profit, and Draining for Health 




Fig. 37 - TILE SILT -BASIN. 



If, among the tiles whicb have passed ihe inspectioa, there are 
Aome which, from over burning, are smaller than the average, 
they should be laid at the upper ends of the laterals. The cardinal 
rule of Ihe lile layer should be never lo have a single li!e in 
the finished drain of smaUer size, of more irreguJar shape, or 
fess perfectly )aid. than any tile above it. If there is lo be any 
difference in the quality of the drain, at different points, let it 
grow better as it approaches the outlet and ha^ a greater length 
above depending upon its action. 

Covering the Tiles, and Filiing-in the Ditches- — The best 
material for covering the liles is ihal which wiil the most com- 
pletely surround them, so as to hold them in their places; will be 
the least likely to have passages for the flow of streams of water 
uito the joints, and will afford the least silt to obstruct the drain. 
Clay is the best of all available niateriah, because it is of the 
most uniform character throughout its mass, and may be most 
perfectly compacted around the tiles. As has been before stated, 
all matters which are subject to decay are objectionable, because 
they will furnish fine mailers to enter the joints, and by their 
decrease of bulk, may leave openings in the earth through which 
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stream? of nniddy wiiler may find Iheir way inio Ihe tiles. Gravel | \3H 
is bad, and will remain bad unlil Us spaces are filled wilh fine dirl 
deposited by water, which* leaving only a pari of its impurities 
here, carries Ihe resi into the drain. A gravelly loam, free from 
roots or other organic matter, if it is strong enough to be worked 
into a ball when wet, wili answer a very good purpose. 

Ordinarily, the earth which was thrown out from the bottom 
of the dilch, and which now lies at the top of the dirt heap, is 
the best to be returned abont the tiles, being first freed from any 
stones it may contain which are large enough to break or disturb 
the tiles in falling on to them. 

If the bottom of the ditch consists of quicksand or other silty 
matters, clay or some other suitable earth should be sought in 
that which was excavated from a less depth, or should be brought 
from another place. A thin layer of this having been placed in the 
bottom of the ditch when grading, a slight covering of the same 
about Ihe liles will so encase them as lo prevent Ihe entrance of 
the more "slippy" soil. 

The first covering of fine earth, free from stones and clods^ 
should be sprinkled gently over the tiles, no full shovelfuls being 
thrown on to them until they are covered at least six inches 
deep. When the filling has reached a height of from fifteen to 
twenty inches, the men may jump into the ditch and tramp it 
down evenly and regularly, not treading too hard in any one 
place at first. When thus lightly compacted about Ihe tile, so that 
any farther pressure cannot displace them, the filling shonld be 
repeatedly rammed, (the more the better,) by two men standing 
astride the ditch, facing each other, and working a maul, such 
as is shown in Fignre 38, and which may weigh from 80 to 100 
pounds. 

Those to whom this recommendation is new, will, doubtless, 
think it unwise. The only reply to their objection must be that 
others who shared their opinion, have, by long observation and inai 
experience, been convinced of its correctness. They may prac- 
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Fig. 38 -MAUL FOR HAMMING. 
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tic ally convince themselves of The value of Ihis sort of covering 
by a simple and inexpensive experinieni; Take iwo large, wa- 
ter -tighl hogsheads, bore through the side of each, a few inches 
from the bolloni, a hole just large enough lo admit a 1 -1/4-inch 
lile; cover Ihe boltoni to the high! of the lower edge of the hole 
with sirong, wet clay, bealen lo a hard paste; on this, lay a line of 
pipes and collars, — the inner end sealed with pulty, and Ihe tile 
which passes through the hole so wedged about with piilty, thai 
no water could pass oul belween it and Ihe oulside of Ihe hole. 
Cover Ihe lile in one hogshead wilh loose gravel, and then fill il 
to the top with loose earth. Cover the tile in the other, twenty 
inches deep, with ordinary sliff clay, (nol wet enough lo puddie^ 
but sufficienlly nioisl lo pack well,) and rani it Ihoroughly, so as 
to make sure ihal Ihe liles are complelely clasped, and Ihat there 
is no crack nor crevice through which waler can trickle, and Ihen 
fill this hogshead to Ihe lop with earlh, of Ihe same characler with 
that used in Ihe other case. These hogsheads should stand where 
the waler of a sniall roof, (as that of a hog-pen,) may be led into 
them, by an arrangement which shall give an equal quanlity to 
each; — this will give Ihem rather more Ihan Ihe simple rain-fall, 
but will leave them exposed lo the usual clinialic changes of the 
season. A vessel, of a capacity of a quart or more, should be 
connecled with each outlet, and covered from Ihe dusi, — these [i39i 
will acl as sill-basins. During the firsi few slornis the water 
will flow off much more freely from Ihe first bairel; but, little 
by liltle, the second one, as the water finds lis way through the 
clay, and as Ihe occasional drying, and repealed fillration make 
it more porous, will increase in lis flow antil il will, by the end 
of Ihe season, or, at lalest, by ihe end of Ihe second season, drain 
as well as the first, if, indeed, that be not by this time somewhat 
obslrucled with silt. The amount of accumulation in the vessels 
at the oullet will show which process has best kept back the silt, 
and the characler of the deposit will show which would mosi 
probably be carried off by Ihe genlle flow of water in a nearly 
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level driiin. 

U IS no argument again si Ihis experiment Ihat ils resu lis cannot 
be delermined even in n ye-n", for it is nol prelended that drains 
laid in compact clay will dry land so complelely during the first 
monlh as those which give more free access to Ihe wiiler; only 
thai Ihey will do so in a comparalively ^horl lime; and Ihat, as 
drainage is a work for all lime, (pracliciilly iis lasting as the farm 
ilself,) the imporliince of permanence and good working for long 
years lo come, is out of all proporlion to ihiit of ihe temporiiry 
good resu lis of one or two seasons* iiccompiinied with doublful 
durability. 

It has been argued thai surface water will be more readily 
removed by drains having porous filling. Even if Ihis were 
true to any imporlant degree, — which il is not, — it would be an 
argument against the plan* for Ihe remedy would be worse than 
the diseiise. If Ihe waler flow from the surfiice down into the 
drain, il will not fail to carry dirl with il, and inslead of the 
cleiu" waler, which alone should rise into the tiles from below, 
we should have a trickling flow from above, muddy wilh wasted 
manure and silty eailh. 

The teinaiiiiiig jiHing of ihe dilch is a matter of simple labor, 
[140] and may be done in whiilever way may be most economical 

under Ihe circumstances of the work. If the amount to be filled is 
considerable, so thai it is desirable lo use horse-power, Ihe best 
way will be to use a scraper, such as is represenled in Figure 39, 
wh ich is a sirongly ironed plank, 6 feel long and 1 8 inches wide, 
sharp shod at one side, and supplied with handles at the other. 
It is propelled by means of the curved rods, which are attached 
to its under side by flexible joints. These rods ai"e connected by 
a chain which has links large enough to receive Ihe hook of an 
ox-chain. This scraper may be used for any straight -forward work 
by attaching the power to Ihe middle of the chain. By moving 
the hook a few links to the right or left, it will act somewhat after 
the manner of the mould-board of a plow* and will, if skillfully 



CHAPTER IV. -HOW TO MAKE THE DRAINS. 147 



handled, ihoor the filling rapidly inio the diich. 




Fig. 39 -BOARD SCRAPER FOR FILLING DITCHES. 

If the work is done by hand^ mix the surface soil and lyrf wilh 
ihe subsoil filling for the vuhole depth. If wilh a semper, put the 
surface soil at Ihe bottom of the loose filling, and the subsoil at 
Ihe lop, as this will be jn imitation, for the limited area of the 
drains, of Ihe process of "Irenching," which is used in gdrden 
cultivatioD. 

When the ditches are filled, Ihey will be higher than the ad- 
joining land, and it will be well to make them slill more so by 
digging or plowing out a small trench at each side of ihe drain, 
throw in g the earth against the mound, which will prevent surface 
water, (during heavy rams,) from running into the loose filling 
before it is sufficiently settled. A cros? section of a filied drain | i4L| 
provided with these dilches is tnhown in Figure 40. 

In order that the sill-basins may be examined, and their accu- 
mulations of earth removed, during Ihe early aclion of ihe drains. 
those pans of ihe ditches which are above Ihem may be left 
open, care being taken, by culling surface ditches around Ihem, 
10 prevent the entrance of water from above. During this liiTie the 
covers of the basins should be kept on, and should be covered 
with inverted sods to keep loose din from gelling into ihem. 

Collecting Ihe Wattr ®f Springs. — The lateral which con- 
nects with the main drain, A» {Fig^2I,) at the point m, and which 
is to lake the water of the spring at the head of the brook, should 
not be opened until the main has been completed and filled into 
the sik-basin, — the brook having, meantime, been carried over 
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F[g. 40 -CROSS-SECTION OF DITCH [FILLED), WITH 
FURROW AT EACH SIDE. 



the other ditches in wooden troughs. This lateral may no'A' be 
made in Ihe following way: Dig down to the tile of the main, 
and carry the lateral ditch back, a diritance of ten feet. In the 
bottom of this, place a wooden trough, at least sis feel long, 
laid at such depth that its channel shall be on Ihe exact grade 
required for laying the tiles, and lay long straw, (held down by 
weights,) iengthwise within iL Make an opening in the lile of the 
main and connect the trough with it. The straw will prevent any 
coarse particles of earth from being carried into the lile, and the 
flaw of the water will be sufficient to carry on ta the silt-basin 
|:X«] any finer matters. Now open the ditch to and beyond the spring, 

digging at least a foot below the grade in its immediale vicinity, 
and filling to the exact grade with small stones, broken bricks, 
or other suitable material. Lay the tiles from the upper end of 
the ditch across Ihe stone work, and down to the wooden trough. 
Now spread a sufficient layer of wood shavings over the stone 
work to keep the earth from entering it, cover the tiles and fill in 
the dilch, as before directed, and then remove the straw from the 
wooden trough and lay tiles in its place. In this wav, the water of 
even a strong spring may be carried into a finished dram without 
danger. In laying the tile which crosses the stone work, it is 
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well to use full 2-1/2-incli riles in the place of colliirs, leaving 
the joinis of lhese» and of the I -1/4-inch tiles, (which should join 
nearthemiddleof the collar tile,) about a quarter of an inch open, 
to give free enlrance to the water. 

The slone and tile drain, H, I, is simply dug oul to ihe surface 
of the rock, if this is nol more than two feet below the grade of 
the upper ends of the laterals with which it connects, and then 
filled up with loose stones to Ihe line of grade. If the stones are 
small, so as to form a good boltoni for Ihe tiles, they may be laid 
directly upon il; if nol, a bottom for Ihem may be made of narrow 
strips of cheap boards. Before filling, the tiles and stone work 
should be covered with shavings, and the filling above these 
should consist of a strong clay, which will remain in place after 
the shavings rot away. 

Amending Ihe Map. — When the tiles are laid, and before 
Ihey are covered, all devialions of Ihe lines, as in passing aroimd 
large stones and other obstruclions, which may have prevented 
the exact execution of the original plan, and the location and kind 
of each underground silt -basin should also be carefully noted, so 
that Ihey may be transferred to the map, for fulure reference, in 
the event of repairs becoming necessary. In a shorl time after the 
work is finished, the surface of ihe field will show no irace of [\43] 
the lines of drain, and il should be possible, in case of need, to 
find any poinl of Ihe drains with precision, so thai no labor will 
be losi in digging for it. II is much cheaper lo measure over the 
surface than lo dig four feet trenches through the ground. 
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CHAPTER V. - HOW TO TAKE 
CARE OF DRAINS AND 

DRAINED LAND. 



So far as tile drains are concerned, if they are once well laid, 
iind if the silt-basins have been emptied of silt unlil Ihe waler 

has ceased to deposit il, they need no care nor yitenlion, beyond 
an occasionii! cleaning of the outlel brook. Now and then, from 
the proximity of willows, or thrifty, young, water-loving trees, a 
drain will be obstructed by roots; or, during Ihe first few years 
iifler Ihe work is finished, some weak poinl, — a badly iaid lile, 
il loosely fitted connection between the lateral and a main, or an 
accumulation of silt coming from an undetecled and persisteni 
vein of quicksand, — will be developed, and repairs will have to 
be made. Except for ihe slight danger from roots, which must 
always be guarded against to the exteni of allowing no young 
trees of the dangerous class lo grow near a drain through which 
a constant stream of waler flows, it may be fairly assumed that 
drains which have been kepi in order for four or five years have 
passed the danger of interruption from any cause, and they may 
be considered enlirely safe. 

A dram will often, for some monlhs after it is laid, run muddy 
water after rains. Sometimes Ihe early deposil of silt will nearly 
fill the tile, and it will lake Ihe water of several storms to wash |i45 
it out. If the liles have been laid in packed clay, Ihey cannot 
long receive silt from without, and thai which makes Ihe flow 
turbid, may be assumed to come from Ihe original deposit in 
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the conduiL Exaniinalions of newiy liiid drains have developed 
many instances where liles were al first half filled wilh silt, and 
three months later were entirely clean. The nniddiness of the 
flow indicates whiit the doctors call "an effort of nature to reiieve 
herself," and nature may be trusted to succeed, at least, until she 
abandons the effort. If we iire sure that <i drain has been well laid, 
^e need feel no anxiety because it fails to take the water from 
the groimd so completely as it should do, until it settles into a 
flow of clear water after the heaviest storms. 

In the case of art actual stoppage, which will generally be 
indicated by the "bursting out" of the drain, i.e., the wetting of 
the land as though there were a spring under it, or as though its 
water had no underground outlet, (which is the fact,) it will be 
necessary to lay open the dram until the obstruction is found. 

In this work, the real value of the map will be shown, by the 
facility which it offers for finding any point of any line of drains, 
and the exact locality of the junctions with the mains, and of the 
silt-basins. In laying out the plan on the ground, and in making 
his map, the surveyor will have had recourse to two or more fixed 
points; one of them, in our example, (fig. 21,) would probably 
be the center of the main silt -basin, and one, a drilled hole or 
other mark on the rock at the north side of the field. By staking 
out on the ground the straight line connecting these two points, 
and drawing a corresponding line on the map; we shall have a 
base-Une^ from which it will be easy, by perpendicular offsets, 
to determine on the ground any point upon the map. By laying a 
small square on the map, with one of its edges coinciding with the 
[146] base-line, and moving it on this line until the other edge meets the 

desired point, we fix, at the angle of the square, the point on the 
base-line from which we i\.ye^ to measure the iength of the offset. 
The nest step is to find, (by the scale,) the distance of this point 
from the nearest end of the base-line, and from the point sought 
Then measure off, in the field, the corresponding distance on 
the base-line, and, from the point thus found, measure on a line 
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perpendicular lo ihe base line, Ihe lenglb of ihe offset' the poini 
thus indicated will be Ihe locality sough). Ln Ihe same iiiLinner, 
find another point on the same drain, to give the range on which 
to stake it ouL From this line, the drains which nin piiriillel lo il, 
can easily be found, or il may be used as a base-line, from which 
to find, by measuring offsets, olher points near it 

The object of this slaking is, to find, in an inexpensive and 
easy wiiy, the precise position of the drains, for which il would be 
otherwise necessary lo grope in the dark, verifying our guesses 
by digging four-foot trenches, at random. 

If there is a silt-basin, or a junction a short distance below the 
point where the water shows itself, this will be the best place to 
dig. If it is a silt-basin, we shall probably find thai this has filled 
up with dirt, and has slopped Ihe flow. In this case il should be 
cleaned out, and a point of ihe drain ten feet below it examined. 
If this is found to be clear, a long slender slick may be pushed up 
as far as ihe basin and worked back and forth iinlil the passage 
is cleared. Then replace the lile below, and try with the stick 
to clean the tiles above the basin, so as to lap Ihe water above 
the obstruction, [f this cannot be done, or if the drain ten feel 
below is clogged, it will be necessary lo uncover the tiles in both 
directions until ',m opening is found, and to lake up and relay 
the whole. If the wetting of the ground is sufficient to indicate 
that Ihere is much waler in the drain, only five or six tiles should 
be taken up al a lime, cleaned and relaid, — commencing at the |i47j 
lower end, — in order Ihal, when the water commences to flow, il 
may not disturb the bottom of the ditch for the whole distance. 

If the point opened is at a junction with Ihe main, examine both 
the main and the laleral, lo see which is slopped, and proceed 
with one or the other, as direcled above. En doing this work, care 
should betaken to send as tittle muddy water as possible into the 
drain below, and lo allow Ihe least possible disturbance of the 
bottom . 

If silt-basins have been placed al ihose points al which the 
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fiill diminishes, ihe ob^liucnon will usually be found to occur at 
the oiillet^ of ihe^e, from a piling up of the silt in from of them, 
and lo extend only a short distance below iind above. II is not 
necessiiry lo lake up the liles until they are found lo be entirely 
clean, for, if they aie only one-half or one-lhird full, ihey will 
probably be washed clean by Ihe rush of waler, when Ihat which 
is accumulated above is lapped. The work should be done in 
settled fair weather, and the ditches should remain open until 
the effect of the flow has been observed. If the tiles are made 
thoroughly clean by Ihe time that Ihe accumulated water has run 
off, say in 24 hours, Ihey may be covered up; if not, it may be 
necessary to remove them again, and clean theni by hand. When 
the work is undertaken it should be thoroughly done, so that the 
expense of a new opening need not be again incurred. 

It is worse than useless to substitute laiger sizes of tiles for 
those which are taken up. The obstruction, if by sill, is the result 
of a too sluggish flow, and to enlai'ge Ihe area of the conduit 
would only increase Ihe difficulty. If Ihe tiles are too smaH 
to carry the full flow which follows a heavy rain, they will be 
very unlikely to become choked, for Ihe water will then have 
sufficient force to wash them clean, while if they are mnch larger 
than necessary, a deposit of sill lo one half of their height will 
[MB] make a broad, flat bed for Ihe stream, which will run with much 

less force, and will be more likely to increase the deposit. 

If Ihe drains are obstructed by the roots of willows, or other 
trees, the proprietor must decide whether he will sacrifice the 
trees or Ihe drains; both he cannot keep, unless he chooses lo 
go to the expense of laying in cement all of the drains which 
carry constant streams, for a distance of at least 50 feet from 
the dangerous trees. The trouble from trees is occasionally very 
great, but its occurrence is too rare for general consideration, and 
must be met in each case with such remedies as circumstances 
suggest as the best. 

The gratings over the outlets of sill-basins which open at the 
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surfiice of Ihe ground, are sornelimes, during Ihe first year of the 
driiinage* obslrucled by a fungoid growth which collects on the 
cross bars. This should be occasionally rubbed off. [Is characler 
rs no! very well understood* and it is riirely observed in old 
driiins. The decomposition of the grass biinds which are used to 
cover Ihe joints of ihe larger tiles may encourage its formation. 

If the surface soil have a good proportion of sand* gravel* or 
organic matler, so as to give it the consislency which is known 
us "loamy*" il will bear any treatmeni which il may chance to 
receive in cultivation* or iis pasture land; bul if rt be a decided 
clay soil, no amouni of draining will enable us lo work it, or to 
turn ciitlle upon il when it is wet with recent rains. Tt will much 
sooner become dry* because of the drainiige, and may much 
sooner be Irodden upon wilhout injury; bul wet cliiy cannol be 
worked or walked over wilhout being more or less puddled^ and, 
thereby, injured for a long time. 

No matler how thoroughiy heavy ckiy pasture iands may be 
under-drained* the cattle should be removed from Ihem when il 
rains* iind kepi off unlil Ihey are comparatively dry. Neglecl of 
this preciiution has probably led lo more disappointmeni as to |i49| 
the effecis of driimage ihiin any olher circumslances connected 
with it. The injury from this ciiuse does not exiend to n greal 
deplh, and in the Northern Stales il would alwiiys be overcome 
by Ihe frosts of n single winter; as has been before stated, it is 
confined lo stiff clay soils* bul as these are Ihe soils which most 
need draining* the warning given is important. 
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CHAPTER VI. - WHAT 
DRAINING COSTS. 

Draining is expensive work. This fact must be iiccepled iis a 
very slubborn one, by every man who proposes lo undeilake 
Ihe improvement. There is no royal road to tile-laying» and the 
beginner should couni ihe cosi at the oulset. A good many acres 
of virgin land at the WesI might be boughl for whal musi be 
paid to get an efficient system of drains laid under a single acre 
at home. Any man who stops at this point of the argumeni will 
probably move WesI, — or do nolhing. 

YeU it is susceptible of demonslralion thai* even al Ihe West, 
in chose localities where Indian Corn is worth as much as fifty 
cenis per bushel at the farm* it will pay to drain, in the besi 
manner, all such land as is described in the first chapler of this 
book as in need of draining. Argumenis lo prove this need not be 
based at all on cheapness of the work; only on ils effects and its 
permanence. 

In fact, so far as draining wilh liles is concerned, cheapness is 
a delusion and a snare, for ihe reason Ihat il implies something 
less than the best work, a compromise between excellence and 
inferiority. The moment lhat we come down from ihe besI stan- 
dard, we inlroduce anew eiement into the calculation. The sort of 
tile draining which il is Ihe purpose of this work to advocate is a 
system so complete in every particular, that it may be considered |lsi 
as an absolutely permanent improvemenl. During Ihe first years 
of the working of Ihe drains, they will require more or less 
attention, and some expense for repairs; bul, in well constructed 
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work, these will be very slight, and will ^oon cease altogelher. In 
proporlion as we resorl to cheap devices* which imply a neglect 
of importanl parts of the work, and a want of thoroughness in the 
whole, Ihe expense for repairs will increase, and Ihe duration of 
the usefulness of the drains will diminish. 

Drains which are perniiinently well made, and which will, 
praclically, last for all time, may be regaided as a good invesl- 
menl, the increased crop of each year, paying a good inlerest on 
the money Ihat Ihey cosi, and ihe money being slill represent- 
ed by Ihe undiminished value of Ihe iniprovenienL In such a 
case Ihe draining of the land may be said lo cost, not S50 per 
acre, — but Ihe interesi on $50 each year. The original amouni is 
well invested, and brings ils yearly dividend as surely as ihough 
il were represenled by a five-lwenty bond. 

With badly constructed drains, on the other hsmd^ the case is 
quite differenl. In buying land which is subject to no loss in 
qiianlily or qualily, ihe farmer considers, not so much the aclual 
cost, as Ihe relation belween the yearly interesi on Ihe cosi, and 
the yearly profit on the crop, — knowing that, a hundred years 
hence, the land will still be worlh his money. 

Bui if Ihe land were bounded on one side by a river which 
yearly encroached some feel on ils bank, leaving Ihe field a liltle 
smaller after each freshet; or if, every spring, some rods square 
of Its surface were sure to be covered ihree feet deep with slones 
and sand, so Ihat Ihe actual value of the properly became every 
year less, the purchaser would compare Ihe yearly value of Ihe 
crops, not only with the interesi on the price, but, in addition lo 
[152] this, with so much of Ihe prime value as yearly disappears with 

the deslruclion of Ihe land. 

II is exactly so with Ihe question of Ihe cost of drainage. If the 
work is insecurely done, and is liable, in five years or in fifty, 
to become worthless; the increase of Ihe crops resulting from it, 
must not only cover Ihe yearly interesi on Ihe cost, bill the yearly 
depreciation as well. Therefore what may seem at the lime of 
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doing ihe work lo be cheapness, is really Ihe grealest eMiava- 
gance. El is like building a brick wall willi clay for niortar. The 
bricks and the workmanship cost full price, and the small saving 
on the mortar will topple the wall over in a few years, while» if 
well cemented, it would have lasted for centuries. The cutting 
and filling of the ditches, and the purchase and transportation of 
the tiles, will cost the same in every case, and these constitute the 
chief cost; if the proper care in grading, tile-laying and covering, 
and in making outlets be stingily withheld, — saving, perhaps, 
one-tenth of the expense, — what might have been a permanent 
improvement to the land, may disappear, and the whole outlay 
be lost in ten years. A saving often percent, in the cost will have 
lost us the other ninety in a short time. 

But, while cheapness is lobe shunned, economy is to be sought 
in every item of the work of draining, and should be studied, by 
proprietor and engineer, from the first examination of the land, to 
the throwing of Ihe last shovelful of earth on to the filling of the 
ditch. There are few operations connected with the cultivation 
of the soil in which so much may be imperceptibly lost through 
neglect, and carelessness about little details, as in tile-draining. 
In the original levelling of the ground, the adjustment of the lines, 
the establishing of the most judicious depth and inclination at 
each point of the drains, the disposition of surface streams during 
the prosecution of the work, and in the width of the excavation, 
the line which divides economy and wastefulness is extremely 
narrow and the most constant vigilance, together with the best [\53] 
judgment and foresight, are needed to avoid unnecessary cost. In 
the laying and covering of the tile, on the other hand, it is best to 
disregard a little slowness and unnecessary care on the part of the 
workmen, for the sake of the most perfect security of the work. 

Details of Cost. — The items of the work of drainage may be 
classified as follows: 

1. Engineering and Superintendence. 

2. Digging the ditches. 
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3. Griiding Ihe botloms. 

4. Tile and tile-laying. 

5. Covering the lile and fiFling the ditches. 

6. Outlets and silt -basins. 

1 . Eng'meeiiug aud Supefiutendeiice. — It is not easy lo say 
whal would be Ihe proper charge for Ihis ilem of the work. In Eng- 
land, the Commissioners under Ihe Drainage Acis of Pailianient, 
and the Boards of Public Works, fix Ihe charge for engineering 
al $1 .25 per acre. Thai is in a country when Ihe exient of lands 
undergoing Ihe process of draining is very great, enabling one 
person to superintend large tracts in the same neighborhood at 
Ihe same time, and with little or no outlay for travelling expenses. 
In Ihis country, where the improvemenl is, Ihus far, confined lo 
small areas, widely separaled; and where there ai'ecomparalively 
few engineers who make a specially of the work, the charge for 
services is necessarily much higher, and Ihe amoiinl expended in 
travelling much greater. In mosi cases, Ihe proprielor of ihe land 
musi qualify himself to superinlend his own operalions, (with Ihe 
aid of a country surveyor, or a railroad engineer in the necessary 
instrumenlal work.) As draining becomes more general, the 
demand for professional assistance will, without doubl, cause 
local engineers lo lurn Iheir atlenlion to Ihe subject, and their 
services may be more cheaply obtained. At preseni, it would 

[154] probably nol be prudent to eslimate the cosi of engineering and 

superintendence, including the time and skill of the proprietor, at 
less than S5 per acre, even where from 20 lo 50 acres are to be 
drained al once. 

2. Digging the Ditches. — The labor required for Ihe various 
operations conslilules the principal item of cosI in draining, and 
the price of labor is now so different in differeni localilies, and so 
unseltled in all, thai it is difficult to determine a rale which would 
be generally fair. It will be assumed Ihal the average wages of 
day laborers of the class employed in digging dilches, is %\ .50 
per day, and the calculation will have to be changed for different 
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districts, in proportion lo thedeviiition of Ihe actual riile of wages 
from thi^ amount. There is a consideriible advaiilage in having 
the work done at some season, (as after the summer harvest or 
late in the fall,) when wages are comparatively low. 

The cutling of the ditches should always be let by the rod. 
When working al day's work, ihe men will invariably open Ihem 
wider ihan is necessary, for the sake of the greater convenience 
of working, and Ihe extra width causes a corresponding waste of 
labor. 

A 4-foot ditch, in most soils, need be only 20 inches wide at 
the surface, and 4 inches at the bottom. This gives a mean width 
of 12 inches, and requires the removal of nearly 2-1/2 cubic yards 
of earth for each rod of dilch; but an increase to a niean width of 
16 inches, (which day workmen will usually reach, while piece 
workmen almost never will,) requires the removal of 3-1/4 cubic 
yards to the rod. As the increased width is usually below the 
middle of the drain, the extra earth will all have lo be raised from 
2 to 4 feel, and ihe exira 3/4 yards will cost as much as a full 
yard taken evenly from Ihe whole side, from top to bottom. 

In clay soils, free from stones or "hard pan," but so stiff as 
to require considerable picking, ordinary workmen, after a little iissj 
practice, will be able to dig 3-1/2 rods of ditch per day, lo nn 
average depth of 3.80, — leaving from 2 to 3 inches of the bottom 
of 4-foot ditches lo be finished by the graders. This makes the 
cost of digging aboul 43 cents per rod. En loamy soil Ihe cost will 
be a liltle less than this, and in very hard ground, a little more. 
In sandy and peaty soils, ihe cost will nol be more than 30 cents. 
Probably 43 cents would be a fair average for soils requiring 
drainage, throughout ihe country. 

This is about 17 cents for each yard of earth removed. 

In soft ground, the caving in of the banks will require a much 
greater mean width than 12 inches lo be ihrown out, and, if the 
accideni could nol have been prevented by ordinary care on the 
part of Ihe workman, (using ihe bracing boards shown in Fig. 28,) 



162 



Draining for Profit^ and Draining for Heallh 



he should receive exriii pay for ihe exirii work. In passing around 
large stones it may also be necessary lo increase ihe width. 

The following table will fiicilitate the calculations for such 
extra work: 



CUBIC YARDS OF EXCAVATION IN DITCHES OF VARIOUS WID' 



Length 

of 
Ditch. 



1 Yard. 
1 Rod. 



12 
Inches 

Wide, 
Yds. 

FeeL 
12 
2 12 



IS 
Inches 

Wide, 

Yds. 

Feel. 

18 
3 18 



24 

Inches 

Wide. 

Yds. 
Feet. 

24 
4 24 



30 

Inches 

Wide. 

Yds. 
Feet. 
1 3 
63 



36 

Inches 

Wide. 

Yds. 
Feet. 
1 9 
79 



[I5fi] 



Men will, in mosi soils, work besi in couples, — one shovel- 
ling out Ihe earth, and working forward* and the other, (moving 
backward^ loosening the earlh wilh a spade or foot-pick* (Fig- 
41 .) In stony land, Ihe men should be required to keep their work 
well closed up* — excavating to the full depth as they go. Then, 
if they strike a slone loo large to be laken out wilhin Ihe terms of 
their conlraci, Ihey can skip a sufficieni disliince to pass it, and 
the digging of the omilted part may be done by a faithful day 
workman. This will usually be cheaper and more satisfactory 
than to pay the contractors for extra work. 

Concerning the amount of work that one man can do in a day, 
in different soils, digging ditches 4 feet deep, French says: "En 
the writer's own field, where the pick was used lo loosen Ihe 
lower Iwo feel of earlh, Ihe labor of opening and jiHing drains 
4 feet deep, and of Ihe mean widlh of 14 inches, all by hand 
labor, has been, in a mile of drains, being our firsi experiments, 
aboul one day's labor to 3 rods in lenglh. The excavaled eailh of 
such a drain measures nol quile 3 cubic yards, (exactly, 2.85.)" 
In a subsequeni work, in a sandy soil, Iwo men opened, hid, and 
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Fig. 41 -FOOT PICK. 
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rejiUed 14 rods in one day; — Ihe mean widlh being 12 inches.^' 
"[n the same season, the same men opened, iaidy ',\ndjitled70 
rods of 4-foot dram of the same mean widlh of 12 inches, in the 
worst kind of clay soil, where the pick v^as constantly used. It 
cost 35 days' labor lo complete the job, being 50 cents f>er rod 
for the labor iilone." Or, under the foregoing calculiit ion of $1 .50 
per day, 75 cents per rod. These estimates, in common with 
nearly all that are published, aie for the entire work of digging, 
grading, tile-laying, and refilling. Deducting the time required 
for the other work, the result will be about as above estimated; 
for the rough excavation, 3 1/2 -rods to the day's work, costing, 
at $1 .50 per day, 43 cents to the rod. 

Grading is the removal of 2 or 3 inches in depth, and about 
4 inches in width, of the soil iit the bottom of the ditch. It is 
chiefly done with the finishing scoop, which, (being made of 
two thin plates, one of iron and one of steel, welded together, 
[1^71 the iron wearing away and leaving the sharp steel edge always 

prominent,) will work in a very hard clay without the aid of the 
pick. Three men, — the one in the ditch being a skillful workman, 
and the others helping him when not sighting the rods, — will 
grade about 100 rods per day, making the cost about 6 cents per 
rod. Until they acquire the skill to work thus rapidly, they should 
not be urged beyond what they can readily do in the best manner, 
as this operation, (which is the preparing of the foundation for 
the tiles,) is probably the most important of the whole work of 
draining. 

Tiles and Tiie-Lay'wg. — After allowing for breakage, it will 
take about 16 tiles and 16 collais to lay a rod in length of drain. 
The cost of these will, of conrse, be very mnch affected by the 
considerations of the nearness of the tile-kiln and the cost of 
transportation. They should, in no ordinary case, cost, delivered 
on Ihe ground, more than S8 per thousand for I -1/4-inch tiles. 



Surely such soil oughl nol lo require iborough draining; *hcrc men ean go 
ba easily, walei oughl lo find il& way alone. 
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and M per Ihousand for The collars, making a total of S12 for 
both, equal lo aboul 1 9cenls per rod. The laying of the liles, may 
be set down al 2 cents per rod» — based on a skilled man laying 
100 rod^ daily, and receiving $2 per day. 

Covering and fiU'wg v^xW probably cos! 10 cents per rod, (if the 
scraper. Fig. 39, can be successfully used for Ihe rough filling, 
the cost will be reduced considerably below this.) 

The four items of the cost of milking one rod of lateral drain 
iire as follows: 

Digging the dilches .43 

Grading .06 

Tiles and l-iying .21 

Covering iind filling .10 

.80 els. 

If the drains are placed at intervals of 40 feet, there are required 
64 rods lo the acre, — this at 80 cents per rod will make the cost 
per acre, — for the above items, — S5L20. [i58i 

How much should be allowed for main drains, outlets, and 
silt -basins, il is impossible lo say, as, on irregular ground, no two 
fields will require the same amoLint of ihis sort of work. On very 
even land, where the whole surface, for hundreds of acres, slopes 
gradually in one or two directions, the outlay for mains need not 
be more than two percent, of Ihe cosi of the laterals. This would 
allow laterals of a uniform length of 800 feel lo discharge into 
the main line, at intervals of 40 feel, if we do not consider the 
Irifling extra cost of Ihe larger tiles. On less regular ground, the 
cost of mams will often be considerably more than two per cent, 
of the cost of Ihe laterals; but in ^ome instances the increase of 
main lines will be fully compensated for by Ihe reduction in the 
length of the laterals, which, owing to rocks, hills too steep to 
need drains al regular inlervals, and porous, [gravelly,) sireaks 
in the land, cannol be profilably made to occupy the whole area 
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^o thoroughly."^ 

Probably 7-1/2 per cenl. of Ihe cost of the lalerals for mains, 
outlets, and srlt-basins will be a fair average allowance. 

This will bring Ihe lolalcost of Ihe work to about S60 per acre, 
made up as follows: 

Cost of the finished drains per acre $51 .20 

7-1/2 per cent, added for mains, etc. 3.83 

Engineering and Superintendence 5.00 

Of course this is an arbitrary calculation, an estimate without 
[1^91 a single ascertained fad to go upon, — but it is as close as it can 

be made lo whal would probably be ihe cost of ihe best work, on 
average ground, al Ihe present h igh prices of labor and material. 
Five years ago the same work could have been done for from $40 
lo £45 per acre, and il will be again cheaper when wages fall, and 
when a grealer demand for draining tiles shall have caused more 
compelilioii in Iheir manufacliire. Wilh a large general demand, 
such as has existed in England for the last 20 years, they would 
now be sold for one-half of iheir preseni price here, and ihe 
manufaclure would be more profitable. 

There are many light lands on retentive subsoils, which could 
be drained, at present prices, for $30 or less per acre, and there are 
others, which are very hard to dig, on which thorough -draining 
could not now be done for $60. 

The cosi and the promise of the operation in each inslance, 
must guide the land owner in deciding whether or not to undertake 
the improvement. 



The land ahown in Fig. 21, i^ capcciaiiy irregular, and, for ihc purpose 
of illuMralmg ihr prbnciplcs upon \vhich ihc work should be done, un effort 
has been made lo mate ihe work j'> complele as possible in all parlicLifar^. In 
actual work on a field stmilar lo ihiU. il would riol probably be good economy 
lo make all ihc drains laid in ihe plan, bul a^ deviations from ihe plan would 
depend on condirions which canaol well be shown on such a small scale, they 
are disregarded, and ihe system of drams is made as it would be if il were all 
plain sailing. 
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In doubtful case^, there is one coiiipronii^e which may be 
safely made, — Ihat is» to omil each alternale drain^ and defer its 
construction until labor is cheaper. 

This is doing half the work, — a very different thing from 
half-doing the work. In such cases, the lines should be laid oul 
as though they were lo be all done at once, and, finally, when 
the omitted drains are made, il should be in pursuance of the 
original plan. Probably Ihe drains which are laid will produce 
more Ihan one-half of Ihe benefil thai would resull if they were 
all laid, but they will rarely be satisfactory, excepi as a lemporary 
expedieni, and the saving will be less than wouid al first seem 
likely, for when the second drains are laid; ihe cullivalion of the 
l^nd musi be again interrupted; the draining force must be agaiu 
broughl togelher; ihe ievels of Ihe new lines must be taken, and 
connecled with Ihose of the old ones; and great care must be 
taken, selecting the dryest weather for the work, — to admit very [ifio] 
little, if any, nniddy water into the old mains. 

This practice of draining by inslallmenis is not recommended; 
it is only suggested as an allowable expedient, when the cost of 
the complete work could not be borne with out inconvenience. 

If any staid and economical farmer is disposed lo be alarmed 
at the cosi of draining, he is respectfully reminded of Ihe miles 
of expensive stone walls and other fences, in New England and 
many olher parts of the country, which often are a real detri- 
ment to the faims, occupying, with iheir accompanying bramble 
bushes and head lands, acres of valuable land, and causing great 
waste of time in turning al the ends of short furrows in plow- 
ing; — while Ihey produce no benefit al all adequate to their cost 
and annoyance. 

Il should also be considered Ihat, just as the cosI of fences is 
scarcely felt by Ihe farmer, being made when his teams and hands 
could nol be profitably employed in ordinary farming operalions, 
so the cosI of draining will be reduced in proportion to the 
amount of ihe work which he can "do wilhin himself," — withoiil 
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liiiingnien expressly for iL The eslimate herein given is based on 
fhe supposition Thai men are hired for Ihe work, al wages equal 
to $1.50 per day, — while draining would often furnish a great 
advanliige lo the farmer in giving employment to farm hands 
who are paid and subsisted by Ihe year. 



[Ifill 
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SliLrlJng with ihe basis of S60» as the cos! of draining iin acre 
of ordinary faim land; — what is ihe prospecl llial Ihe work will 
prove remunerative? 

In all of the older Slales, farmers are glad to lend Iheir surplus 
funds, on bond and morlgage on their neighbors' faims* with 
interest at the rale of 7» and often 6 per cent. 

In view of the fact that a little attention must be given each 
year to Ihe outlets, and, to the silt-basins, as well, for the first 
few years, it will be just to chaige for the use of the capital 8-1/3 
per cent. 

This will make a yearly charge on the land, for the benefits 
resulting from such a system of draining as has been described, 

OF FIVE DOLL ^R3 PtP ACPt . 

Wilt il Pay? — Will Ihe benefits accruing, year after year, — in 
wet seasons and in dry, — with root crops and with grain, — with 
hay and with fruit, — in rotations of crops and in pasture, — be 
worth %5 an acre? 

On this question depends the value of tile-draining as -d. prac- 
tical improvement, for if there is a self-evident proposition in 
agriculture, it is that what is not profitable, one year with another, 
is noi practical. 

To counterbalance the charge of S5, as the yearly cost of the |l6i| 
draining, each acre must produce, in addition to what il would 
have yielded without the improvement: 

10 bushels of Corn at .50 per bushel. 

3 bushels of Wheat al SI .66 per bushel. 
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5 bushels of Rye at 1.00 per busheL 

12-1/2 bushels of Oals at .40 per busheL 

10 bushels of Potatoes at .50 per bushel. 

6-2/3 bushels of Barley -il .75 per bushel. 

1,000 pounds of Hay al 10.00 per Ion. 

50 pounds of Cotlon al .10 per pound. 

20 pounds of Tobacco at .25 per pound. 

Surely Ihis is nol a large increase, — nol in a single ciise, — and 
the prices are generally less than may be expected for years lo 
come. 

The United Stales Census Report places the average crop of 
Indian Corn, in Indiana and Illinois, iit 33 bushels per acre. In 
New York it wiis bill 27 bushels, and in Pennsylvaniii but 20 
bushels. II would certainly be accounted exlremely liberal lo fix 
the average yield of such soils iis need draining, at 30 bushels 
per acre. It is extremely unlikely that Ihey would yield Ihis, in 
the average of seasons, wilh Ihe conslantly recurring injury from 
backward springs, summer droughls, and eaiiy autumn frosls. 

Heavy, relenlive soils, which are cold and late in the spring, 
subject lo hard baking in midsummer, and to become cold and 
wel in Ihe early fall, are the very ones which are best suiled, when 
drained, lo the growlh of Indian Corn. They are "sirong" and 
fertile, — and should be able to absorb, and to prepare for the use 
of plants, the manure which is applied to them, and the ferlilizing 
malters which are broughl lo ihem by each storm; — but they 
cannol properly exercise the functions of ferlile soils, for ihe 
reason that they are strangled with water, chilled by e vapor alien, 
or baked to almost brick-like hardness, during nearly Ihe whole 
[163] period of Ihe growlh and ripening of the crop. The manure which 

has been added to them, as well as their own chemical con- 
stiluents, aie prevenled from undergoing ihose changes which 
are necessary lo prepare Ihem for Ihe uses of vegelalion. The 
water of rains, finding the spaces in ihe soil already occupied 
by the waler of previous rains, cannot enter to deposit Ihe gases 
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which il contains, — or» if Ihe soil has been dried by evaporation 
under Ihe influence of sun iind wind, the surface is almosi her- 
meticiilly sealed, and die waler is only slowly soaked up, much 
of il running off over Ihe surface* or lying lo be removed by 
the slow and chilling process of evaporation. In wel limes and 
in dry, the air, with ils heal* its oxygen, and its carbonic acid, 
(its universal solvent,) is forbidden lo enter and do ils beneficeni 
work. The benefil resulting from cultivating Ihe surface of the 
ground is counleracted by Ihe firsi unfavorable change of the 
wealher; a single heavy rain, by saturating Ihe soil, returning 
it to nearly lis original condition of clammy compactness. In 
favorable seasons, these difficullies are lessened, bul man has no 
conlrol over Ihe seasons, and to-morrow may be as foul as lo-day 
has been fair. A crop of corn on undrained, relentive ground, is 
subject to injury from disastrous changes of Ihe wealher, from 
planting until harvest. Even supposing Ihat, in Ihe most favorable 
seasons, il would yield as largely as Ihough Ihe ground were 
drained, il would lose enough in unfavorable seasons to reduce 
the average more than ten (10) bushels per acre. 

The average crop, on such land, has been assumed lo be 30 
bushels per acre; it would be '.m estimate as moderate as this one 
is generous, to say that, with the same cultivation and Ihe same 
manure, Ihe average crop, after draining, would be 50 bushels, 
or an increase equal to twice as much as is needed lo pay the 
draining charge. If the method of cultivation is improved, by deep 
plowing, ample manuring, and thorough working, — all of which 
may be more profitably applied to drained than to undrained 1 164| 
land, — the average CYO\y^ — of a series of years, — will not be less 
than 60 bushels. 

The cost of extra harvesling will be more than repaid by 
the value of the extra fodder, and the increased cultivation and 
manuring are lasting benefits, which can be charged, only in 
small part, to the current crop. Therefore, if it will pay to plow, 
plant, hoe and harvest for 30 bushels of com, it will surely pay 
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much belter to double the crop iit a yearly exira cost of $5, iind, 
pracliciilly, il aniounttn lo this; — Ihe extrii crop is nearly all clear 
gain. 

The quantily of Wheat required to repay the annual charge for 
drainage is so small, thai no argumeni is needed to show that 
any process which will simply preveni "throwing out" in winter, 
and the failure of the plant in the welter parts of Ihe field* will 
increase the product more than thai amouni, — to say nothing of 
the general imporlance to this crop of having ihe land in the most 
perfect condilion, (in winler as well as in summer.) 

II is staled that* since the general introduction of drainage in 
England, (within the past 25 years,) Ihe wheat crop of that country 
has been more Ihan doubled. Of course, il does not necessarily 
follow ihal the amount per acre has been doubied, large areas 
which were originally unfit for the growlh of this crop, having 
been, by draining, excellenlly fitted for itscullivalion; — bill there 
can be no doubt thai its yield has been greatly increased on all 
drained lands, nor Ihat large areas, which, before being drained, 
were able to produce fair crops only in the best seasons, are now 
made very nearly independent of the weather. 

Il is nol susceptible of demonstration, but il is undoubledly 
true, Ihat those clay or other heavy soils, which are devoted to ihe 
growth of wheat in this country, would, if they were thoroughly 
under-drained, produce, on the average of years, at Least double 
their present crop. 
[165] Mr. John Johnston, a venerable Scotch farmer, who has long 

been a successful cultivator in the Wheat region of Western 
New York, — and who was almost ihe pioneer of tile-draining 
in America, — has laid over 50 miles of drains within Ihe last 
30 years. His praclice is described in Klippail's Land Drainage, 
from which work we quote Ihe following: 

"Mr. Johnston says he never saw 100 acres in any one farm, 
bill a portion of il would pay for draining. Mr. Johnslon is no 
rich man who has carried a favorite hobby wilhout regard to cost 
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or profiL He is a hardworking Scolch faimer, who commenced a 
poor man, borrowed money To drain his liind, has gradually ex- 
tended his operalions, and is now reaping the benefits, in having 
crops of 40 bushels of wheat to the acre. He is a gray-haired 
Nestor* who, after accumulating the experience of a long life, is 
now, at 6S years of age, wrillen to by strangers in every State of 
the Union for information, not only in drainage matters, but all 
cognale branches of farniing. He sits in his homestead, a veritable 
Humboldl in his way, dispensing information cheerfully Ih rough 
our agricultural papers and to private correspondents, of whom 
he has recorded 164 who applied lo him last year. His opinions 
urs, Iherefore, worth more than those of a host of theorelical men, 
who write wilhout practice." ■-'■■-'■'' 

"Although his farm is mainly devoted to wheat, yet a consid- 
erable area of meadow and some pasture has been retained. He 
now owns about 300 acres of land. The yield of wheat has been 
40 bushels ihis year, and in former seasons, when his neighbors 

were reaping S, 10, or 15 bushels, he has had 30 and 40." * * * * 

v 

"Mr. Johnston says tile-draining pays for itself in I wo seasons, 
somelimes in one. Thus, in I 847, he bough I a piece of 10 acres 
to get an outlet for his drains. It was a per fed quagmire, covered 
with coarse aquatic grasses, and so unfruitful thai il would noi 
give back the seed sown upon il. In I84S a crop of corn was taken |i66j 
from it, which was measured and found to be eighty bushels per 
acre, and as, because of the Irish famine, corn was worth Si 
per bushel that year, this crop paid not only all the expense of 
drainage, but Ihe fir si cosi of Ihe land as well. 

"Another piece of 20 acres, adjoining ihe farm of the late John 
Delafield, was wet, and would never bring more Ihan 10 bushels 
of corn per acre. This was drained al a great cost, nearly $30 
per acre. The firsi crop after ihis was 83 bushels and some odd 
pounds per acre. II was weighed and measured by Mr. Delafield, 
and the Counly Sociely awarded a premium lo Mr. Johnslon. 
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Eighl acres and some rods of this land, al one side, averaged 94 
bushels* or Ihe Irifling increiise of 84 bushels per acre over what 
It would bear before those insignificant clay tiles were buried in 
the ground. Bui this increase of crop is not the only profit of 
drainage; for Mr. Johnston says thai, on drained land, one half 
the usual quantity of nianure suffices to give maximum crops. It 
IS not difficult to find a reason for this. When the soil is sodden 
with water, air can not enter to any extent, iind hence oxygen 
can not eat off the surfaces of soil-particles and prepare food 
for plants; thus the plant must in great measure depend on the 
manure for sustenance, and, of course, the more this is the case, 
the more manure must be applied to get good crops. This is one 
reason, but there are others which we might adduce if one good 
one were not sufficient. 

"Mr. Johnston says he never made money until he drained, 
and so convinced is he of the benefits accruing from the practice, 
that he would not hesitate* — as he did not when the result was 
much more nncertain than at present, — to borrow money to drain. 
Drains well laid, endure, but unless a farmer intends doing the 
job well, he had best leave it alone and grow poor, and move out 
[167] West, and all that sort of thing. Occupiers of apparently dry land 

are not safe in concluding that they need not go to the expense 
of draining, for if they will but dig a three-foot ditch in even 
the driest soil* water will be found in the bottom at the end of 
eight hours, and if it does come, then draining will pay for itself 
speedily." 

Some years ago, the Rural New Yorker published a letter 
from one of its correspondents from which the following is 
extracted: — 

"T recollect calling upon a gentleman in Ihe harvest field* 
when something like the following conversation occurred: 

'Your wheal, sir, looks very fine; how many acres have 
you in this field?' 

'In the neighborhood of eight, I judge.' 
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'Did you sow upon fallow?' 

TJo sir. We lurned over gi"een sward — sowed iminedialely 
upon the sod» and dragged it ihoroiighlv — aad you see tlie 
yield will probably be 25 bushels to the acre, where it is not 
too weL' 

'Yes sir, it is mostly very fine. I observed a thin strip 
through il, but did not notice that it was wet/ 

'Well, it is not veiy wet. Sometimes after a rain, ihe water 
runs across il, and in spring and faU il is just wel enough to 
heave Ihe wheal and kill it/ 

I inquired whether a couple of good drains across the lot 
would not render il diy. 

'Perhaps so — but there isnolover an acre thai is killed ouL' 

'Ha ve you made an esli in ate of llie loss you annually sustain 
from this wet place?' 

"No, I had not thought much about it.' 

'Would $30 be too higli?' 

'O yes, double.' 

'Well, let's see; it cosi you $3 to tuni over tlie sward? Two 
bushels of seed, $2; harrowing in, 75 cenis; inlerest, laxes, 
and fences, $5.25; 25 bushels of wheal lost, $25/ 

'Deduct for harvesling ' 

'No; the straw would pay for tliat/ 

'Very well, all footed 136.' 

'What will tlie wheat and straw on this acre be worth this 
year?' 

'Nothing, as I shall notcut the ground over/ 

Then it appears that you have lost, in what you have 
actually expended, and the wheal you would have hai"vested, 
had Ihe ground been dry, $36, a pretty lai^e sum for one acre.' 

'Yes I see,' said Ihe fanner." 

While Rye may be grown, wilh tolerable advantage, on lands 
which are less perfectly drained than is necessary for Wheat, 
there can be no doubt Ihat an increase of more ihan the six and 
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two-lhird^ bushels needed To make up The drainage chai'ge will 
be the resull of Ihe improvemenl. 

While Oals will thrive in soils which are loo wet for many 
other crops, the ability to plani early, which is secured by iin early 
removiil from ihe soil of its surplus water, will ensure, one year 
with another* more than twelve and a half bushels of increased 
product. 

In Ihe case of Potatoes, also, the early planting will be a 
great advantage; and* while the cause of the potato-rol is not 
yet clearly discovered* it is generally conceded thai, even if it 
does not result directly from too greal wetness of the soil* ils 
development is favored by this condition, either from a direct 
aclion on ihe tubers, or from the effect in the air immedialely 
aboul the planis, of the exhalations of a humid soiL 

An increase of from five to ten per cent, on a very ord inary 
crop of polaloes, will cover the drainage charge, and wilh facili- 
ties for marketing, the higher price of the earlier yield is of much 
greater consequence. 

Barley will not thrive in wet soil, and there is no question 
that drainage would give il much more than the increased yield 
prescribed above. 

As 10 hay, there arc many wet, rich soils which produce very 
large crops of grass, and it is possible that drainage might not 
always cause them to yield a thousand pounds more of hay lo 
the acre, but the quaUly of Ihe hay from the drained soil, would, 
of itself, more Ihan compensate for the drainage charge. The 
great benefit of the improvement* with reference to this crop, 
however, lies in the fact that, although wet, grass lands, — and by 
"wet" is meant Ihe condition of undrained, retentive clays, and 
heavy loams, or olher soils requiring drainage, — in a very few 
[169] years "run out," or become occupied by semi-aquatic and other 

objectionable plants, to the exclusion of the proper grasses; the 
same lands* thoroughly drained, may be kept in full yield of the 
finest hay planis, as long as the ground is properly managed. 
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It musi, of course, be manured, from lime to lime, and care 
should be taken lo preveni the puddling of its surface, by men 
or animals, while it is loo wet from recent nun. Wilh proper 
attention to these points, it need not be broken up in a lifelime, 
and it may be relied on lo produce uniformly good crops, always 
equal lo the best obtained before drainage. 

So far as Cotton and Tobacco are concerned, there are not 
many instances recorded of Ihe systematic drainage of lands 
approprialed to their cullivalion, but there is every reason to 
suppose thai they will both be benefitted by any operation which 
will have Ihe effect of placing Ihe soil in a better condilion for 
Ihe uses of all cultivated plants. The average crop of tobacco is 
about 700 lbs., and that of cotton probably 250 lbs. An addition 
of one-fifth to Ihe cotton crop, and of only one thirty -fifth lo the 
tobacco crop, would make Ihe required increase. 

The failure of the colton crop, during Ihe pas! season, (1866,) 
might have been enlirely prevented, in many districts, by the 
ihorough draining of Ihe land. 

The advanlages claimed for drainage with reference to the 
above-named staple crops, will apply with equal, if not greater 
force, to all garden and orchard culture. In fact, wilh the exceplion 
of osier willows, and cranberries, there is scarcely a cultivated 
plant which will not yield larger and belter crops on drained than 
on undrained land, — enough better, and enough larger, to pay 
much more than the inlerest on Ihe cosi of the improvement. 

Yet, this advanlage of draining, is, by no means, Ihe only one 
which is worthy of consideration. Since the object of cultivation 
is lo produce remunerative crops, of course, the larger and belter 
the crops, Ihe more completely is Ihe object attained; — and to 
this extern Ihe greatesi benefit resuhing from draining, lies in the |17qi 
increased yield. But there is another advantage, — a material and 
moral advanlage, — which is equally lo be considered. 

Instancesof Ihe profit resulting from under -draining, (coupled, 
as it almost always is, with improved cullivation,) are frequent- 
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ly publislied* and il would be eii5y lo fortify Ihis chapler wilh 
Imndreds of well ^uthenlicaled cases. U is» however, deemed 
sufficient to quole Ihe following, from an old number of one of 
the New York dailies: — 

"Some years ago, the son of an English fanner csme to the 
United States, ^iid lei himself r^ a farm l^boier, in New York 
State, on ihe following condi lions; Commencing work ^tthe 
first of September, lie was to work ten hours a day foi" three 
years, and to receive in paymeni a deed of a fiekj containing 
twelve acies — securing himself by an agreemeni, bv which 
his employer was put under bonds of £2,000 lo fulfill his 
part of the contract; also, during these three years, he was to 
have the control of Ihe field; to work il at his own expense, 
and lo give his employer one-half Ihe proceeds. The field 
lay under the south side of a hill, was of dark, heavy clay 
resling on a bluish -colored, ^olid clay subsoil, and for many 
year^ previous, had nol been known to yiekJ anylhing but a 
yellowish, hard, stunled vegetation. 

"The former thought Ihe young man was a simplelon, and 
that he, himself, was mosi wise and forlunate; but the former, 
nothing daunted bv this opinion, which he was not uncon- 
scious thai the latter entertained of him, immedialely hired a 
set of laborers, and set Ihem lo work in Ihe field trenching, 
as eaniestly as il was well possible for men to labor. In the 
morning and evening, before and after having worked his ten 
hours, as per agreement, he worked with Ihem, and continued 
to work in Ihis way imtil, abont Ihe middle of the following 
November, he had finished Ihe layingof nearly 5,000 yards of 
good tile under-drains. He ihen had Ihe fteld plowed deep and 
thorouglily, and ihe earth thrown up as much as possible into 
ridges, and thus let il remain during the winter. Next spring 
he had Ihe fteld again plowed as before, then cross-plowed 
and Ihoroiighly pulverized with a heavy harrow, Ihen sowed 
it with oals and clover. The yield was excellent — nolhing to 
be compared lo il had evei before been seen upon that ftekJ. 
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Ne\{ veJir it gave Iwo crops of clover, of a rich dark green, 
and euonuoLisly heavy and luxuriaitt; ^ud Die yeai" following, 
after being manured at an expense of some $7 an acre, nine 
acres of Ihe field yielded 936 bushels of coin, and 25 wagon 
loads of pumpkins; while from Ihe remaining three ^cres 
were faken 100 bushels of potatoes — the return of this crop 
being upwards of Si, 200. The time had now come for the 
field to fall into Ihe voiing man's possession, and Ihe farmer 
unhesitatingly offered him Si, 500 to relinquish his tille to it; 
and when this was unhesitatingly refused, he offered 12,000, 
which was accepted. 

"The young man's accouni slood thus 



nil 



Half proceeds of oats and 


$165 00 


siraw, firs! year 




Half value of sheep pas- 


25 00 


turage, first year 




Half of firsi crops of clover. 


112 50 


firs) year 




Half of second crops of 


135 00 


clover, mcluding seed, sec- 




ond year 




Halfof sheep pasturage, sec- 


1500 


ond year 




Half of crops of com, jHimp- 


690 00 


kins and potatoes, Ihird year 




Received from fanner, for 


2,000 00 


relinquishmeni of hlle 




Account Dr. 


13,142 50 


To under-draining, labor and 


$325 00 


tiles 




To labor and manure, three 


475 00 


seasons 




To labor given to fiirmer. 


576 00—1 


S]6per monlh, 36 monlhs 
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Balance m his ^vor 



51,766 50 



Draining makes the farmer, lo n great exient, the master of his 
vocation. With a sloppy, drenched, cold, uncongenial soil, which 
is saturated with every rain» and takes days, and even weeks, to 
become sufficiently dry to work upon, hi? effort? are conslantly 
baffled by unfavorable weather, al lho?e limes when il is most 
imporlant that his work proceed wilhout mlerruplion. Weeks are 
lost, at a season when they are all too short for the work lo be 
done. The ground must be hurriedly, and imperfectly prepared, 
and Ihe seed is pul in too late, often to rol in ihe over-soaked soil, 
requiring the field to be planted again at a time which makes it 
extremely doubtful whether the crop will ripen before Ihe frost 
destroys it. 

The necessary summer cultivation, belween ihe rows, has lo 
be done as ihe weather permils; and much more of il is required 
because of the baking of the ground. The whole life of the farmer, 
in fact, becomes a conslant struggle wilh nature, and he fighls 
always al a disadvantage. Whal he does by the 'Aork of days, is 
mainly undone by a single nighl's storm. Weeds grow apace, and 
the land is loo wel to admit of their being exterminated. By Ihe 
[172] time Ihal il is dry enough, olher pressing work occupies ihe lime; 

and if, finally, a day comes when Ihey may be allacked, Ihey offer 
ten limes the res islance thai Ihey would have done a week earlier. 
The operations of Ihe farm are carried on more expensively than 
if Ihe ability lo workconstanlly allowed a smaller force to be em- 
ployed. The crops which give such doublful promise, require ihe 
same cullivalion as though Ihey were certain to be remuneralive, 
and Ihe work can be done only with increased labor, because of 
the bad condilion of the soil. 

From force of trad il ion and of habit, ihe f aimer ace ep Is his fale 
and plods through his hiu'd life, piously ascribing lo the especial 
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inlerference of an inscrutable Providence, the trials which come 
of his own neglect to use the means of relief which Providence 
has placed within his reach. 

Trouble enough he nnist have, at any rate, bul not necessarily 
all thai he now has. U is not within the scope of the besi laid 
drains to conlrol storm or sunshine, — but il is within their power 
to remove Ihe water of Ihe storm, rapidly and sufficiently, and 
to allow the heal of Ihe sunshine to penelrate the soil and do its 
hidden work. No human improvement can change any of the 
so-called "phenomena" of nature, or prevent ihe action of the 
least of her laws; but Iheir effects upon the soil and ils crops may 
be greatly modified, and thai which, under certain circumslances, 
would have caused inconvenience or loss, may, by a change of 
circumstances, be made positively beneficial. 

In the practice of agriculture, which is pre-eminently an eco- 
nomic art, draining will be prosecuted because of Ihe pecuniary 
profit which it promises, and, — very properly, — it will not be 
pursued, lo any considerable eMenI, where ihe money, which il 
costs, will not bring money in return. Yet, in a larger view of 
Ihe case, its collateral advantages are of even greater moment 
than ils mere prof ils. El is the foundation and Ihe commencement 
of the mosi intelligent farming. II opens Ihe way for olher |i73i 
improvements, which, without it, would produce only doubtful 
or lemporary benefits; and it enables the farmer so lo exlend and 
enlarge his operations, wilh fair promise of success, as lo raise 
his occiipalion from a mere waiting upon Ihe uncerlain favors of 
nature, to an inlelligent handling of her forces, for Ihe attainment 
of almosi cerlain results. 

The rude work of an unthinking farmer, who scratches Ihe sur- 
face soil wilh his plow, plants his seed, and irusis lo the chances 
of a greater or less relurn, is unmitigated drudgery, — unworthy 
of an intelligent man; bul he who investigates all of Ihe causes 
of success and failure in farming, and adapts every operation to 
the require men Is of Ihe circumslances under which he works; 
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doing everylhing in his power thai may tend lo ihe pioduclion 
of Ihe results which he desires, and, so far as possible, iivoiding 
everything that may interfere wilh his success^ — leaving nothing 
to chiince that can be secured, iind securing <ill that chance may 
offer, — is engaged in Ihe most ennobling, ihe niost intelligent 
end the mosi progressive of all induslrial avocations. 

In the cultivation of retentive soils, drainage is the key to all 
improvement, and its advantage is to be measured no! simply by 
the effect which it direclly produces in increasing production, 
but, in slill grealer degree, by Ihe extent lo which il prepares Ihe 
way for the successful application of improved processes, makes 
the farmer independent of weather and season, and offers freer 
scope to intelligence in the direction of his affairs. 
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CHAPTER VIII. - HOW TO MAKE 
DRAINING TILES. 



Draining liles are made of burin clay, like bricks and earthen- 
ware. 

In general terms, Ihe process is as follows: — The clay is 
mixed with sand, or olher substances which give il ihe proper 
consistency, and is so wetted as to form a plaslic mass* lo which 
may be given any desired form, and which is sufficiently stiff 
to retain its shape. Properly prepared clay is forced through the 
aperture of a die of Ihe shape of the outside of the lile, while a 
plug, — held by a support in the rear of the die, — projecis ihrough 
the aperlure, and gives the fonn to the bore of the tile. The shape 
of the material of the tile, as il comes from the die» corresponds 
to Ihe open space, between Ihe plug and Ihe edge of the aperture. 
The clay is forced oiil in a continuous pipe, which is cut lo the 
desired length by a wire, which is so thin as to pass through Ihe 
mass without altering the shape of Ihe pipe. The shorl lengths 
of pipe are dried in ihe air as Ihoroughly as they can be, and are 
ihen burned in a kiln, similar to ihal used for poltery. 

Materials. — The range of earths which may be used in the 
manufacture of tiles is considerable, though clay is ihe basis of 
all of them. The besi is, probably, Ihe clay which is almosi |L75 
invariably found at the boltom of muck beds, as ihis is finer and 
more compact than thai which is dug from dry land, and requires 
but little preparalion. There is, also, a peculiar clay, found in 
some localilies, which is almost like quick-sand in ils nature, 
and which is excelleni for tile-making, — requiring no freezing. 
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or washing lo prepare il for the machine. As a general rule, any 
clay which will make good bricks will miike liles. When first 
[aken from Ihe ground, Ihese clays are not nsually adhesive, but 
become so on being moistened and kneaded. 

U is especially importani that y\o limestone pebbles be mixed 
with the clay, as ihe burning would change Ihese to quicklime, 
which, in slaking, would deslroy the tiles. The presence of a limey 
eiirlh, however, mixed through the mass, is a positive advantage, 
as in Ihis intimate admixture, the lime forms, under the heat of 
the kiln, a chemical combinalion with the other mgredienls; and, 
as it melts more readily Ihan some of them, it hasten? the burning 
end makes it more complete. Whal is known as plastic c!ay^ (one 
of the purest of Ihe native clays,) is too strong for lile-making, 
and must be "lempered," by having olher siibslances mixed wilh 
It, lo give it a stiffer quality. 

The clay which is best for brick -making, contains Silica, and 
Alumina in about Ihe following proporlions: 

Silica „. 55 to 73 per cenl. 

Alumina ... 35 to 25 percent. 

Variable quantities of other materials are usually found in con- 
nection with the clay, in ils native condition. The most common 
of these are the following: — 

Magnesia I lo 5 percent — somelimes 20 lo 30 per cent. 

Lime to 19 per cenl. 

Potash to 5 per cenl. 

Osyd of iron to 1 9 per cent. 

[176] "These necessary elem en Is give fusibility to earthenware, and, 

therefore, allow its constiluent siibslances to combine in such a 
manner as to form a resisting body; and Ihus is performed with 
a temperalure lower in proportion as the necessary elemenls are 
more abundant.""' 
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When the earlh of the locality where tiles are lo be miide is 
not sufficiently strong for the purpose, and plaslic clay can be 
cheaply oblained from a distance, a small quantity of this may 
be used to give siren gth and tenacity to the native material. 

The compound must always contain a proper proportion of 
clay and sand, [f loo liltle day is used, the mass will not be 
sufficiently tough lo retain its compactness as it passes through 
the die of the tile machine; if too little sand, the moulded tiles will 
not be strong enough to bear handling, and they will crack and 
warp In drying and burning. Within the proper limits, the richer 
earths may be moulded much thinner, and tiles made from thera 
may, consequently, be made lighter for transportation, without 
being too weak. The best materials for tempering stiff clays are 
sand, pounded brick or tile, or .'icoria, from smelting furnaces. 

Preparation Of Earths. — The clay from which tiles are to 
be made, should be thrown out in the fall, (the upper and lower 
parts of the beds being well mixed in the operation,) and made 
Into heaps on the surface, not more than about 3 feet square 
and 3 feet high. In this form, it is left exposed to the freezing 
and thawing of winter, which will aid very much in modifying 
its character, — making it less lumpy and more easily workable. 
Any stones which may appear in the digging, should, of course, 
be removed, and most earths will be improved by being passed 
through a pair of heavy iron rollers, before they are piled up for 
the winter. The rollers should be made of cast iron, about 15 
inches in diameter, and 30 inches long, and set as close together |i77i 
as they can be, and still be revolved by the power of two horses. 
The grinding, by means of these rollers, may add 50 cents per 
thousand to the cost of the tiles, but it will greatly improve their 
quality. 

In the spring, the clay should be prepared for tempering, by 
the removal of such pebbles as it may still contain. The best way 
to do this is by "washing," though, if there be only a few coarse 
pebbles, they may be removed by building the clay into a solid 
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cone 2 or 3 feel high* and then paring il off into thin slices wilh s 
long knife having a handle al eiich end. Tliis pairing will discover 
any pebbles larger Ihan a pea that may have remained in the clay. 

Washing is the process of mixing the clay with a considerable 
quantity of water, so iis to form a thin paste, in which all stones 
and gravel will sink to the bottom; the liquid portion is then drawn 
off into shallow pits or vats, and allowed to settle, the clear water 
being finally removed by pumping or by eviiporation, according 
to the need for hiisle. For wiishing smiill quantities of clay, a 
common mortiubed, such as is used by masons, will iinswer, if it 
be supplied with n gate for draining off the muddy water after the 
gravel has settled; but, if the work is at all extensive, a washing 
mill will be required. [I miiy be made in the form of a circular 
trough, with scrapers for mixing the cliiy and water attached to a 
circular horse -sweep. 

"Another convenient mixing machine may be constructed in 
the following manner: Take a large hollow log, of suitable length, 
say five or six feet; hew out the inequalities with an adz, and 
close up the ends with pieces of strong plank, into which bearing 
have been cut to support a revolving shaft. This shaft should be 
sufficiently thick to permit being transfixed with wooden pins 
long enough to reach within an inch or two of the sides of the 
log or trough, and they should be so beveled as to form in their 
[i7a] aggregate shape an interrupted screw, having adirection toward 

thai end of ihe box where the mixed clay is designed to pass 
out. In order lo effect Ihe mixing more thoroughiy, these pins 
may be placed sufficiently far apart to permit the interior of Ihe 
box to be armed with other pins extending toward the center, 
between which ihey can easily move. The whole is placed either 
horizontally or vertically, and supplied with clay and water in 
proper quantities, white the shaft is made to revolve by means of 
a sweep, with horse power, running water or steam, as the case 
may be. The clay is put into the end farthest from the outlet, 
and IS carried forward to it and mixed by the motion, and mutual 
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iiction and re-aclion of Ihe pin? in the shaft iind in the sides of 
Ihe box. Iron pins niiiy, of course, be substituted for Ihe wooden 
ones, and have the advanlage of greater durability and of greater 
strength in proporlion lo theh" ^ize» and the number may therefore 
be greater in a machine of any given lenglh. The fluid mass of 
clay and waler may be permuted to fall upon a sieve or riddle, 
of heavy whe* and afterward be received in a setlling vaU of 
suitable size and construction, to drain off Ihe waler and let the 
clay dry oul sufficienlly by subsequeni evaporation. A machine 
of this construction may be made of such a size thai it may be piil 
in motion by hand, by means of a crank, and yet be capable of 
mixing, if properly supplied, clay enough to mold BOO or 1000 
pieces of drain pipe per day.""'' 

Mr. Parkes, in a reporl to ihe Royal Agricullural Society of 
England, in IS43, says: 

"It is requisite that the clay be well washed and sieved before 
pugging, for the manufaclure of these tiles, or the operation of 
drawing Ihera would be greatiy impeded, by having lo remove 
stones from the small space surrounding Ihe die, which deter- 
mines the thickness of the pipe. But it resulls from Ihis necessary 
washing, thai ihe subslance of the pipe is uniformly and ex- |L79 
iremeiy dense, which, consequeiilly, gives il immense strength, 
and ensures a durability which cannot belong lo a more porons, 
though thicker, lile. 

"The clay is broughl from the pug-mill so dry that, when 
squeezed through Ihe machine, not a drop of water ex- 
udes, — moisture is, indeed, scarcely apparent on Ihe surface 
of Ihe raw pipe. Hence, Ihe tiles undergo little or no change of 
figure while drying, which takes place very rapidly, because of 
iheir firm and slighl substance/' 

Tempering. — After the fine clay is relieved of the water with 
which it was washed, and has become tolerably dry, it should 
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Fig. 42 -PUG-M[LL. 
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be mixed wilh the sand, or olher lempering malerial. and passed 
through the Pttg-Mit!, (Fig. 42») which will thoroughly mix iIe 
various ingredients* and work the whole into a homogeneous 
mass, ready for the rile machine. The pifg-mUi is similar to that 
used in brick-yards, only* as Ihe clay is worked much sliffer 
for liles Ihan for bricks* iron knives musi be substituted for ihe 
wooden pins. These knives are so arranged as to cut the clay in 
every pnrt, nnd, by being set at an angle, they force it downward 
toward the outiel gale at the bottom. The clay should be kept at 
the proper degree of moisture from the time of lempering, and 
after passing through the pug-mill it should be thoroughly beaten 
to drive out the air, and the beaten mass should be kept covered 
with wet ciolhs to prevent drying. 

Moulding Ihe Tiles, — Machines for moulding tiles are of 
various styles* with much variation in the details of their con- 
struction, but they all act on the same general principle; — that of 
forcing the ciuy through a ring-shaped aperture in an iron plate, 
formbig a continuous pipe, which is carried off on an endless 



1S9 



apron, or on rollerE, and cut by wires into the desired length ^. The 
plales with the ring-ihaped apertures are called i/^Vj; Ihe openings 
are of any desired form, corresponding to the externa] shape of 
ihe tiles; and the ijize and ijhape of the bore^ is determined by the 
core or plug, \*h ich i& held in Ihe cenlers of the aperlures. The 
construction of ihe die plate^i^ and [he manner of faslenmg the 
plug5» which delennine Ihe bore of the liles, is shown in Fig. 43. 
The view taken is of Ihe inside of Ihe plate. 




Fig. 43 - PLATE OF DIES. 



The machine consists usually of a strong iron chest, with a 
hinged cover, into which the clay is placed, having a piston 
moving in it, connected by a rod or bar, having cog-leeth, with a 
cog-wheel, which is moved bv horse or hand power, and drives 
Ihe piston forward with steadiness, forcing the clay through the 
openings in the die-plate. The clay issues in continuous lines of 
pipe. The machines most in use in this country are connected 
directly with the pug-mill, and as the clay is pugged, it at once 
passes into the box, and is pressed out as tiles. These machines 
are usually run by horse-power. 

Mr. Barral, in his voluminous work on drainage,"' describes, 
as follows, a cheap hand machine which can be made by any 
country wheelwright, and which has a capacity of 3,000 tiies per 
day (Fig. 44): 

"Imagine a siinple, wooden box, divided into two comport- 
ments. In the rear compartment there stands a vertical poijt, 
fastened with two iron bolts, having heads at one end, and nuts |lhi 
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and screws 3l Ihe olher. The box is ihus fixed to il5 support. We 
stinplv piiice ihis supporl on the ground and bmd lis upper part 
wilh a rope lo a tree* a stake, or a post. The front comportment 
is the reservoir for ihe clay, prei^enting at its from an orifice, 
in which we fix ihe desired die with a simple boll. A wooden 
piston, of which the rod is jointed with a lever, which works 
in a bolt at the lop of the supporting post, gives the necessary 
pressure. When the chest is full of clay, we bear down on the end 
of the lever, and ihe moulded tlle^ run out on a table supplied 
with rollers. Raising the pislon, it comes out of the bos, which 
is again packed with clav- The piston is replaced in the box; 
pressure is again applied to ihe lever, and so on. When the line 
of tiles reaches the end of the table, we lower a frame on wh ich 
brass wires are stretched, and cut it into the usual Lengths/' 




Fig. 44 -CHEAP WOODEN MACHINE. 

The workmen must attend well lo Ihe degree of moisture of 
the clay which is put into the machine. [l should be dry enough 
to show no undue moisture on its surface as it comes out of the 
[laai die-plate, and sufficiently moist not to be crumbled in passing 

the edge of the mould. The clay for small (thin) tiles must, 
necessarily* be more moisi than that which is lo pass through a 
wider aperture; and for the latter there may, with advantage, be 
more sand in the paste than would be practicable with the former. 
After the liles are cut into lengths, thev are removed bv a set 
of mandrils, small enough lo pass easily into them, such as are 
shown in Fig. 43, (the number of fingers corresponding with the 



nurnber of row ^ of liles mnde by the rn jchine^) and ^e placed on 
shelves made of narrow strips snwn from one-inch boards, laid 
with spaces between them to altow n free circulation of air. 



Fig. 45 - MANDRIL FOR CARRYING TILES FROM 
MACHINE. 

Drying and Rolling. — Care must be taken that freshly made 
tiles be not dried loo rapidly. They should be sheltered from the 
sun and from strong winds. Too rapid drying has the effect of 
warping thein out of tjhape^ and, sometimes, of cracking the clay. 
To provide against [his injury, the drving is done under sheds or 
other covering, and the side which is exposed to the prevailing 
winds is sometimes boarded up. 

For the first drying, the tiles are placed in smgle layers on the 
shelves. When about half dried, — at which time they are usually 
warped more or less from their true shape, — it is well to rof! 
them. This is done by passing through them a smooth, round 
sticky (sufficiently smaller than the bore to enter it easily, and 
long enough to project five or six inches beyond each end of the 
tile,) and, — holding one end of the slick in each hand, — rolluig 
them carefully on a table. This operation should be performed 
when the tiles are still moist enough not to be broken by the 
slight bending required to make them straight. After rolling, the 
tiles mny be piled up in close layers, some four or five feet high, |is3| 
(which will secure them against further warping,) and left until 
they are dry enough for burning, — [hat is, as dry as they can be 
made by exposure to the air. 

Burning. — Tiles are burned in kilns in which, by the effect 
of flame acting directly upon [hem, they are raised to a heat 
sufficient to melt some of their more easily fusible ingredients, 
and give to them a stone-like hardness. 
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Kiln? are of viirious conslruclion and of various sizes. As 
Ihis book is not intended for the mslruclion of lliose who iire 
engaged in the general nianufaclure of tiles* only for those who 
may find il necessary to establish local works, il will be sufficient 
to describe a temporary earlhen kiln which may be cheaply built, 
and which will answer an excelieni purpose, where only 100,000 
or 200,000 tiles per season will be required. 

Directions for its construction are set forth in a letter from Mr. 
T. Law Hodges, of England, to the late Earl Spencer, published 
in the Journal of the Royal Agricultural Society for the year 1843, 
as follows: 

"The form of the clay -kiln is circular, I I feet in diameter, and 
7 feet high. It is wholly built of damp, clayey earth, rammed 
firmly together, and plastered, inside and out, with loam (clay?). 
The earth to form the walls is dug out around the base, leaving a 
circular trench about four feet wide and as many deep, into which 
the fire-holes of the kiln open, [f wood be the fuel used, three 
fire-holes will be sufficient; if coal, four will be needed. About 
L,200 common brick will be wanted to build these fire-holes and 
flues; if coal is nsed, rather fewer bricks will be wanted, but, 
then, some iron bars are necessary, — six bars to each fire-hole. 

"The earthen walls are four feet thick at the floor of the kiln, 
seven feet high, and tapering to a thickness of two feet at the 
[184] top; Ihis will determine the slope of the exterior face of the kiln. 

The inside of the wall is carried np perpendicularly, and the loam 
plastering inside becomes, after the first burning, like a brick 
wall. The kiln may be safely erected in March, or whenever the 
danger of injury from frost is over. After the summer use of 
It, it must be protected, by faggots or litter, against the wet and 
frost of winter. A kiln of these dimensions will contain 32,500 
I -1/4-inch tiles, ■^ ^ ' or 12,000 2-1/4-inch tiles. * * * 

"In good weather, this kiln can be filled, burnt, and discharged 
once in every fortnight, and fifteen kilns may be obtained in a 
good season, producing 487,500 1-1/4-inch tiles, and in proper- 
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lion for [he other sizes. 

"ll requires 2 lon^ 5 cvjl. of good coals lo burn the above kiln, 
full of tiles." 




Fig. 46 -CLAY-KILN. 



A sectional view of this kiln is shown in Fig. 46, in which 
C, C represenl sections of the ouler Irench; A. one of the three 
fire-holes; and B. B, seclions of a circular passage inside of the 
wall, connected wUh the fire-holes, and serving as a flue for the 
flames, which, al suitable intervals, pass Ihrough openings into 
ihe floor of the kiln. The whole structure should be covered with 
a roof of rough boards, placed high enough to be out of the reach 
of Che fire. A door in the side of the kiln serves for putting in |in5i 
and removing the tiles, and is built up, temporarily, with bricks 
or clay, during the burning. Mr. Hodges estimates the cost of 
this kiln, all complete, at less than $25. Concerning its value, 
he wrote another letter in IS4E, from which the following is 
extracted : 

"The experience of four vears that have elapsed since mv 
letter to the late Earl Spencer, published in the 3th volume of 
the proceedings of the Royal Agricultural Society, page 51y has 
thoroughly tested the merits of the temporary clav-kilns for the 
burning of drainmg-pipes described in that letter. 

"1 am well aware that there were persons, even among those 
who came to see it, who pronounced at once upon the construc- 
tion and duration of the kiln as unworthv of attention. How far 
their expectations have been realized, and what value belongs to 
their judgment, the following short statement will exhibit: 
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"The kiln, in question, wiis construcled, in IS44, ill a cost of 
£5. 

"It was used four limes in thai year, burning each time between 
18,000 and 19,000 draining pipes, of I -3/4 inche? in dianieler. 

"[n 1845, it was used nine times, or about once a forlnight, 

burning eiich lime Ihe same quantity of nearly 19,000 pipes. 

"In 1846, Ihe same result. 

"In 1847, it has been used twelve times, always burning Ihe 
same quantity. In the course of the last year a trifling repair in 
the bottom of Ihe kiln, costing rather Eess than 10 shillings, was 
necessary, and this is the only cost for repair since ils erection. 
It is now as good as ever, and might be worked at least once a 
fortnight through the ensuing season. 

"The result of this experiment of four years shows not only 
the practical value of this cheap kiln, but Mr. Hatcher, who 
[186] superintends the brick and tile-yard at Benenden, where this kiln 

stands, expresses himself strongly in favor of this kiln, as always 
producing better and more evenly burned pipes than either of his 
laiger and better built brick-kilns can do." 

The floor of the kiln is first covered with bricks, placed on 
end, at a little distance from each other, so as to allow the fire 
to pass between them, and the tiles are placed on end on these. 
This position will afford the best draft for the flames. After the 
kiln is packed full, the door-way is built up, and a slow fire is 
started, — only enough at first to complete the drying of the tiles, 
and to do this so slowly as not to waip them out of shape. They 
will be thoroughly dry when the smoke from the lop of the kiln 
loses its dark color and becomes transparent. When the fires are 
well started, the mouths of the fire-holes may be built up so as 
to leave only sufficient room to put in fresh fuel, and if the wind 
IS high, the fire-holes, on the side against which it blows, should 
be sheltered by some sort of screen which will counteract its 
influence, and keep up an even heat on all sides. 
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The lime required for burning will be from two days and a 
night lo four days and four nighls, according to Ihe dryness of 
the tiles* Ihe state of Ihe weather, and the character of the fuel. 
The fires should be drawn when Ihe tiles in the holiest part of the 
kiln are burned lo a "ringing" hardness. By ieaving two or three 
holes in Ihe door -way, which can be slopped wilh loose brick, a 
rod may be run in, from time to time, lo take out specimen tiles 
from the hottest part of the kiln, which shall have been so placed 
as lo be easily removed. The besi plan, however, — the only 
prudent plan, in fact, — will be to employ an intelligent man who 
is thoroughly experienced in Ihe burning of brick and pottery, 
and whose judgmeni in the management of Ihe fires, and in the 
cooling off of Ihe kiln, will save much of ihe waste thai would 
result from inexperienced management. After the burning is 
completed, from 40 to 60 hours must be allowed for the cooling |is7i 
of Ihe kiln before it is opened. If the cold air is admitted while il 
is slill very hot, ihe unequal con iract ion of the material will cause 
the tiles to crack, and a large portion of them may be destroyed. 

If any of the tiles are too much burned, they will be melted, 
and may stick together, or, at least, have their shape deslroyed. 
Those which are not sufficiently burned would not withstand 
the action of the water in Ihe soil, and should not be used. For 
the first of these accidents there is no remedy; for Ihe latter, 
reburning will be necessary, and under-done tiles may be lefl, (or 
replaced,) in Ihe kiln in Ihe posilion which they occupied al the 
firsi burning, and the second heat will probably prove sufficienl. 
There is less danger of unequal burning in circular Ihan in square 
kilns. Soft wood is beller Ihan hard, as making a better flame. II 
should be split fine, and weli seasoned. 

ArraiigeinenI of the Tilery, — Such a tilery as is described 
above should have a drying shed from 60 to SO feel long, and 
from 12 to 18 feel wide. This shed may be buill in Ihe cheapesi 
and roughest manner, the roof being covered wilh felting, thalch, 
or hemlock boards, aseconomy may suggesl. [I should have a tier 
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of drying shelves, (made of slals rather Ihiin of boards,) running 
fhe whole length of each side. A narrow, wooden Irani-way, 
down the middle^ to carry a car, by which the green tiles may be 
taken from the miichine to Ihe shelves, and the dry ones from ihe 
shelves to ihe kiln, will greiitly lessen Ihe cosi of handling. 

The pug-mill and tile-machine, as well as Ihe clay pil and ihe 
washing-mill» should be at one end of the shed, and Ihe kiln at 
the other, so thai, even in rainy weather, the work may proceed 
without interruption. A shed of the size named will be sufficient 
[IBB] to dry as many tiles of assorted sizes as can be burned in ihe 

clay-kiln described above. 

The Cost of Tiles. — It would be impossible, at any time, to 
say what should be the precise cosI of tiles in a given focafily, 
wilhout knowing ihe prices of labor and fuel; and in Ihe present 
unseltled condilion of Ihe currency, any estimate would neces- 
sarily be of little value. Mr. Parker's eslimated Ihe cost of inch 
pipes in England al 6s., (about IL50,) per Ihousand, when made 
on the eslale where Ihey were to be used, by a process similar lo 
thai described herein. Probably they could al no time have been 
made for less than Iwice ihal cosI in Ihe United States, — and 
they would now cosi much more; ihough if Ihe clav is dug out 
in Ihe fall, when ihe regulaily employed faim hands are shorl of 
work, and if the same men can cut and haul Ihe wood during ihe 
winter, the hands hired especially for Ihe lile making, during ihe 
summer season, [two men and iwo or three boys,) cannol, even 
al present rates of wages, bring the cost of Ihe tiles to nearly the 
market prices. If there be only lemporary use for the machinery, 
it may be sold, when no longer needed, for a good percentage 
of its original cost, as, from the slow movement lo which it is 
subjecled, it is not much worn by its work. 

There is no reason why tiles should cost more to make than 
bricks. A common brick contains clay enough to make four or 
five 1-1/4-inch liles, and il will require about ihe same amouni of 
fuel to burn this clay in one form as in the other. This advantage 
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in favor of riles is in a measure offset by The greater cost of 
handling them, and the greater liabilily to breakage. 

The foregoing descriplion of (he differeni processes of the 
manufacture of draining liles has been given, in order Ihat those 
who find it necessary, or desirable, to establish works to supply 
the needs of Iheir immediate localities may commence their op- 
erations understand in g I y, and form an approximate opinion of iisyi 
the promise of success in the underlaking. 

Probably Ihe mosi posilive effecl of Ihe foregoing description, 
on the mind of any man who conlemplates establishing a tilery, 
will be to cause him to visit some successful manufactory, during 
the busy season, and examine for himself the mode of operation. 
Cerlainly it would be nnwise, when such a personal examination 
of the process is praclicable, to rely entirely npon ihe aid of 
written descriptions; for, in any work like tile-making, where 
the selection, combination and preparation of the materials, the 
means of drying, and ihe economy and success of the burning 
must depend on a variety of conditions and circumstances, which 
change with every change of locality, it is impossible Ihat written 
directions, however rainule, should be a sufficient guide. Slill, 
in the light of such direclions, one can form a much better idea 
of the bearing of the differeni operations which he may wilness, 
than he couLd possibly do if the whole process were new to him. 

If a personal examination of a successful tilery is impraclica- 
ble, it will be necessary to employ a practical brick-maker, or 
potter, lo direct the construction and operalion of Ihe works, and 
in any case, this course is advisable. 

In any neighborhood where two or three hundred acres of land 
are to be drained, if suitable earths can be readily oblained, it 
will be cheaper to eslablish alile-yard, than lo haul Ihe necessary 
tiles, in wagons, a distance often or twenty miles. Then again, 
the prices demanded by Ihe few manufaclurers, who now have 
almosi a monopoly of the business, are exorbilantly high, — at 
least twice what il will cosi lo make the liles al home, wilh the 
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cheap works described above, so Thai if Ihe cost of rriinsporliilion 
on ihequanlity desired would be equal to Ihe cost of establishing 
Ihe works, (here will be a decided profit in Ihe home raanufaclure. 
Probiibly, also, a tile-yard, in a neighborhood where Ihe general 
[190] character of the soil is such as lo require drainage, will be of value 

after Ihe object for which it was made has been accomplished. 

While setting forth the advantage to Ihe fiirnier of everything 
which may protect him against monopolies, whelher in Ihe matter 
of draining-tile, or of any olher needful accessory of his business, 
or which will enable him to procure supplies without a ruinous 
outlay for transportation, it is by no means intended thai every 
man shall become his own lilc-maker. 

In ihis branch of manufacture, as in every other, organized 
industry wiil accomplish resulls to which individual labor can 
never attain. A hundred years ago, when our mill-made cloths 
ciime from England, and cost more than faimers could afford 
to pay, they wore home-spun, which was neither so handsome 
nor so good as the imported article; bill, since thai time, ihe 
growing population and the greater demand have caused clolh 
mills to be built here, grealer commercial facilities have placed 
foreign goods wilhin easy reach, and the house loom has fallen 
into general disuse. 

At present, the manufacture of draining tiles is confined to a 
few, widely separated localities, and each manufacturer has, thus 
far, been able to fix his own scale of charges. These, and the 
cost of transportation to distant points, make it difficult, if not 
impossible, for many farmers to procure tiles at a cost low enough 
to justify their use. In such cases, small works, to supply local 
demand, may enable many persons lo drain with tiles, who, oth- 
erwise, would find it impossible to procure them cheaply enough 
for economical use; and the extension of under-draining, causing 
a more general acquaintance with its advantages, would create 
a sufficient demand to induce an increase of the manufacture of 
tiles, and a consequent reduction of price. 
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CHAPTER IX. - THE 
RECLAIMING OF SALT 
MARSHES. 



"Adjoiningto it is MiddleMoor^ containing about 2,500 acres, 
spoken of by Arltiur Young as 'a walery desert,' growing sedge 

and rushes, and inhabited by frogs and bitterns; — it is now 
fertile, well cultivaled, and profitable land." 

The foregoing extract, froin an account of the Drainage of the 
Fens on the eastern coast of England^ is a text from which might 
be preached a sennon worthy of the attention of all who are 
interested in the vast areas of salt marsh which form so large a 
part of our Atlantic coast, from Maine to Florida. 

Hundreds of thousands of acres that might be cheaply re- 
claimed, and made our most valuable and most salubrious lands, 
are abandoned to the inroads of the sea; — fruitful only in malar- 
ia and musquiloes, — always a dreary waste, and often a grave 
annoyance. 

A single tract, over 20,000 acres in extent, the center of which 
is not seven miles from the heart of New York City, skirts the 
Hackensack River, in New Jersey, serving as a bairier to inter- 
course between the town and the country which lies beyond it, 
adding miles to the daily travel of the thousands whose business 
and pleasure require them to cross it, and constituting a nuisance 
and an eyesore to all who see it, or come near it. How long it |L91| 
will continue in this condition it is impossible to say, but the 
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experience of olher counlries ha^ proved thai* for an expense of 
noi more Ihan fifty dollars per acre, Ihis IracI might be made 
beller* for all purposes of cultivation, Ihan the lands adjoining 
il, [many of which are worth* for market gardening, over one 
thousand dollars per acre,) and that il might afford profilable 
employmeni, and give homes, to all of Ihe induslrious poor of ihe 
city. The work of reclaiming it would be child's play, compared 
wilh the draining of the Harlaem Lake in Holland, where over 
40,000 acres, submerged lo an average depth of thirteen feet, 
have been pumped dry, and made to do their part toward the 
supporl of a dense population. 

The Hackensack meadows are only a conspicuous example of 
what exists over a greal extent of our whole seaboard; — virgin 
lands, replete with every eiement of fertility, capable of produc- 
ing enough food for the supporl of millions of human beings, 
betler located, for residence and for convenience to markets, than 
the prairies of ihe Western Stales, — all allowed to remain worse 
than useless; while Ihe poorer uplands near them are, in many 
places, teeming with a population whose lives are endangered, 
and whose comfort is sadly inlerfered with by the insects and the 
miasma which the marsh produces. 

The inhereni weallh of the land is locked up, and all of ils 
bad effects are produced, by the water with which it is conslantly 
soaked or overflowed. Lei Ihe walers of the sea be excluded, 
and a proper outlet for the rain-fall and the upland wash be pro- 
vided, — bolh of wh ich objects may, in a greal majority of cases, 
be economically accomplished, — and this land may become the 
garden of Ihe continent. Us ferlilily will atlracl a popiilalion, 
(especially in the vicmily of large towns,) which could no where 
else live so well nor so easily. 

The manner in which these salt marshes were formed may be 

[193] understood from Ihe following account of the "Great Level of 

the Fens" of the easier n coasi of England, which is copied, (as is 

the paragraph at the head of Ihis chapter,) from the Prize Essay 
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of Mr. John Algernon Claike, wrillen for the Royal Agricullural 

Sociely in ] 846. 

The process is nol, of course^ always the same, nor are the 
exact influences^ which miide the English Fens, generally, oper- 
ating in precisely Ihe same manner here, but ihe main principle is 
the same, and the lesson taught by the improvement of the Fens 
is perfectly applicable in our case. 

"This great level extends itself into the six counties of Cam- 
bridge, Lincoln, Huntington, Northampton, Suffolk and Norfolk, 
being bounded by Ihe highlands of each. U is about seventy miles 
in length, and varies from twenty to forty miles in breadth, having 
nn area of more than 680,000 acres. Through this vast extent 
of flat country, there flow six large rivers, with their tributary 
streams; namely, the Ouse, the Cam, the Nene, the Welland, the 
Glen, and the Witham. 

"These were, originally, natural channels for conveying the 
upland waters to the sea, and whenever a heavier downfall of rain 
than usual occurred, and the swollen springs and riviiiels caused 
the rivers to overflow, they must necessarily have overflowed 
the land to a great extent. 

"This, however, was not the principal cause of the inundation 
of the Fens; these rivers were not allowed a free passage to 
the ocean, being thus made incapable of carrying off even Ihe 
ordinary amount of upland water which, consequently, flowed 
over the land. The obstruction was two-fold; first, the outfalls 
became blocked up by the deposits of silt from Ihe sea waters, 
which accumulated to an amazing thickness. The well known 
instances of boats foimd in 1635 eight feel below the Wisbeck 
River, and the smith's forge and tools found at Skirbeck Shoals, 
near Boston, buried with silt sixteen feet deep, show what an as- 
tonishing quantity of sediment formerly choked up the mouths of |i94j 
these great rivers. But the chief hindrance caused by the ocean, 
arose from the tide rushing twice every day for a very great 
distance up these channels, driving back the fresh waters, and 
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overflowing with lhem» so Ihat Ihe whole level became deluged 
wilh deep wiiler, and was» in fad, one greal bay. 

"In considering the state of this region as it firs! altriicted ihe 
enlerprise of man to its improvement, we are to conceive a vast, 
wild morass, with only small, detached porlions of cultivaled 
soil, or islands^ raised above Ihe general inundalion; a most des- 
olate picture when contrasted with its present stale of matchless 
fertility/' 

Sail marshes aie formed of Ihe silly deposits of rivers and of 
the sea. The former bring down vegetabie mould and fine earth 
from the uplands, and the latter contribute seaweeds and grasses, 
sand and shells, and millions of animalculEC which, born for life 
in salt water only, die, and are deposited with ihe other matters, 
at those poinis where, from admixture with ihe fresh flow of 
the rivers, the water ceases lo be suitable for their support. It 
IS estimated that these animalculx alone are the chief cause of 
the obslruclions at the mouths of ihe rivers of Holland, which 
retard iheir flow, and cause them to spread over the flat country 
adjoining their banks. It is less important, however, for ihe 
purposes of ihis chapter, lo consider the manner in which salt 
marshes are formed, ihan to discuss the means by which they 
may be reclaimed and made available for the uses of agriculture. 
The improvement may be conveniently considered under three 
heads: — 

First — The exclusion of Ihe sea water. 

Second — The removal of the causes of inundation from the 
upland. 
[195] Third — The removal of the rain -fall and water of filtration. 

The Exclusion of Ihe Sea is of the fir si importance, because 
noi only does il salurale ihe land with water, — but ihis water, be- 
ing salt, renders it unfertile for Ihe plants of ordinary cullivalion, 
and causes it to produce olhers which are of little, or no value. 

The only means by which the sea may be kepi oul is, by build- 
ing such dykes or embankments as shut oul Ihe highest tides. 
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and, on shores which are exposed lo ihe action of Ihe waves, 
will resist rheir force. Ordinarily, Ihe besi, because Ihe cheapest, 
nialierial of which these embankments can be made, is the soil 
of the marsh itself. This is rarely, — almost never, — a pure peat, 
such as is foimd in upland swamps; it con lain s a large proporlion 
of sand, blue clay, muscle mud, or olher eailhy deposits, which 
give it great weight and tenacity, and render it excellent for 
forming the body of the dyke. On lands which are overflowed to 
a considerable exteni al each high lide, (Iwice a day,) it will be 
necessary lo adopt more expensive, and more effective measures, 
but OD ordinary salt meadows, which are deeply covered only at 
the spring tides, (occurring every month,) the following plan will 
be foimd practical and economical. 

Lucating the line of ihe embankment far enough back from 
the edge of the meadow to leave an ample flat outside of it to 
break Ihe force of the waves, if on the open coast, or lo resist the 
inroads of Ihecurreni if on Ihe bank of an estuary or a river, — say 
from len to one hundred yards, according to the danger of en- 
croachmenl, — set a row of slakes parallel to the general d irection 
of the shore, lo mark the outside line of the base of the dyke. 
Slake out the inside line al such distance as will give a pitch or 
inclination lo the slopes of one and a half to one on the OLilside, 
and of one to one on the inside, and will allow the necessary 
width al the top, which should be al leasl two feet higher Ihan 
the level of the highesi tide ihat is known ever to have occurred 
at Ihat place. The widlh of Ihe top should never be iess Ihan four |i96i 
feet, and in exposed localities it should be more. If a road will 
be needed around the land, it is besi, if a heavy dyke is required, 
to make it wide enough to answer ihis purpose, wilh slill wider 
places, al intervals, lo allow vehicles to turn or to pass each 
other. Ordinarily, however, especially if there be a good siretch 
of flal meadow in front, Ihe top of the dyke need not be more 
than four feet wide. Supposing such a dyke lo be conlemplated 
where Ihe waler has been known lo rise iwo feet above the level 
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of the meadows, requiring an embankment four feet high, it will 
be necessary lo allow for the base a widlh of fourteen feet; — four 
feet for Ihe widlh of Ihe lop, six feet for the reach of the front 
slope, (1-1/2 lo I,) aiid four feet for the reach of the back slope, 
(I toL) 

Having slaked out two parallel lines, fourleen feet apart, and 
erecled, at intervals of twenty or thirty feet, frames made of rough 
strips of board of the exact shape of the section of the proposed 
embankment, the workmen niay remove the sod lo a depth of six 
inches, laying it all on the outside of Ihe position of the proposed 
embankment. The sod from the Ime of the ditch, from which the 
earth for the embankment is to be taken, should also be removed 
and placed with the other. This ditch should be always inside of 
the dyke, where it wiil never be exposed to the action of the sea. 
It should be, at the surface, broader than the base of the dyke, 
and five feet deep in the center, but its sides may slope from the 
surface of the ground directly lo the center line of the bottom. 
This is the best form to give it, because, while it should be five 
feet deep, for future uses as a drain, its bottom need have no 
width. The great width at the surface will give such a pilch lo the 
banks as to ensure their stability, and will yield a large amount of 
sod for the facing of the dyke. The edge of this ditch should be 
some feet away from the inner line of the embankment, leaving 
[197] It a firm support or shoulder at the original levei of Ihe ground, 

the sod not being removed from the interval. The next step in the 
work should be lo throw, or wheel, the material from the ditch on 
to Ihe place which has been stripped for the dyke, building it up 
so as to conform exactly lo the profile frames, these remaining in 
their places, to indicate the filling necessary to make up for the 
settling of the material, as Ihe water drains out of it. 

As fast as a permanent shape can be given to the outer face of 

the dyke, it should be finished by having the sod placed against 
it, being laid flatwise, one on top of another, (like stone work,) 
in the most solid manner possible. This should be continued lo 
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Fig. 47 - DYKE AND DITCH. 

the Top of the slope, and the flat [op of the dyke should also 
be sodded, — the soda on the lop, and on the slope, bein° firmly 
bejlen to iheir pljces wilh the back, of ihe spade or olher suilnble 
implement. This will sufficienliy prolecl [he exposed parts of 
Ihe work agaiasl the action of any waves That may be formed on 
ihe flat between ihe dyke and the deep water, while ihe inner 
slope and ihe banks of ihe ditch, nol being exposed lo masses of 
moving water, will retain iheir shape and will soon be covered 
with a new grow^. A seclional view of the above described 
dvke and ditch is tjhown in the accompanying; diagram, {Fig. 47.) |L9a] 

In all work of this character, it is bnportanl lo regylale the 
amount of work laid out to be done between the spring tides, 
lo ihe laboring force employed, so that no unfinished work will 
remain to be submerged and injured. When the flood comes, 
it should find everything finished up and protected againsi its 
ravages, so that no part of it need be done over again. 

If the land is crossed bv creeks, the dvke should be finished 
off and sodded, a lillle back from each bank, and when ihe lime 
comes for closing the channel, sufficienl force should be em- 
ployed to complete the dam at a single tide, so that the returning 
flow shall not enter to wash away the material which has been 
thrown in. 

If, as is often the case, these creeks are not merely tidal estuar- 
ies, but receive brooks or rivers from the upland, provision must 
be made, as will be hereafter dhected, for either diverting the 



Tbc ends of ihc work, while Ihe opcialiou^ arc suspended during spring 
[jdr^, \\i]\ need in rj^lr^ piDleelion of sod^. bill Lhal lying out of reach of [he 
edcEie:^ Lhal wi[l be foimed by Lhe lecedingw Jler^till doI be iDJlcnalH uffeeled. 
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upland flow, or for allowing ir to pass oul al low waler, through 
valve gales or sluices. When the dain has been made, ihe water 
behind it should never be allowed to rise lo nearly the level of 
the full tide, iind, as soon as possible, grass and willows should 
be grown on the biink, lo add lo it^ strength by Ihe bind ing effect 
of theh" roots. 

When the dyke is completed across Ihe froni of the whole 
flat, — from the high land on one side to the high land on the 
other, the creeks should be closed, one after the other, com- 
mencing with Ihe smallest, so thai ihe experience gained in their 
treatment may enable the force to work more advantageously on 
those which carry more water. 

If Ihe flow of water in Ihe creek is considerable, a row of sirong 
slakes, or piies, should be firnily driven into the bottom mud, 
across the whole width of the channel, at intervals of not more 
than one or two feel, and fascines^ — bundles of brush bound 
together, — should be made ready on Ihe banks, in sufficient 
[199] qiianlily lo close ihe spaces between Ihe piles. These will serve 

to prevent the washing away of the filling during construction. 
The pile driving, and Ihe preparation of the fascines may be done 
before the closing of ihe channel with earth is commenced, and 
if upland clay or gravel, to be niixed with Ihe local material, 
can be economically brought lo the place by boats or wagons, it 
will be an advantage. Every ih ing being in readiness, a sufficient 
force of laborers to finish the dam in six hours should conimence 
the work a little before dead low-waler, and, (with the aid of 
wheelbarrows, if necessary,) throw the earth in rapidly behind 
the row of slakes and fascines, giving the dani sufficient width 
to resist the pressure of Ihe water from without, and keeping ihe 
work always in advance of Ihe rising of the lide, so that, during 
the whole operation, none of the filling shall be washed away by 
waler flowing over its lop. 

If Ihe creek has a sloping bottom, the work may be commenced 
earlier, — as soon as the lide commences lo recede, — and pushed 
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our to the center of Ihe cliLinnel by the lime Ihe tide is oul. When 
ihediim is built, it will be best to heavily sod, or olher wise protect 
its surface against the action of heavy rains, which would lend to 
wiish it iiway iind weaken il; and Ihe bed of the creek should be 
filled in back of Ihe dam for adisl<ince of at least fifty yards, to a 
height greater than that at which water will stand in the interior 
drains^ — say to within three feet of Ihe surface, — so that there 
shall never be a body of water standing within that distance of 
the d ain . 

This is a necessary precaution against Ihe attacks of muskrats, 
which are the principal cause of the insecurity of all salt marsh 
embankments. It should be a cardinal rule with all who are 
engaged in the construction of such works, never to allow two 
bodies of waler, one on each side of Ihe bank to be neaier than 
twenty-five yards of each other, and fifty yaids would be better. 
Muskrats do not bore through a bank, as is often supposed, to 
make a passage from one body of water to another, (they would |-?ooi 
find an easier road over the top); but Ihey delight in any elevated 
mound in which ihey can make their homes above the water 
level and have its entrance beneath Ihe surface, so that their land 
enemies cannot invade them. When they enter for this purpose, 
only from one side of the dyke, they will do no harm, but if 
another colony is, at the same time, boring in from the other side, 
there is great danger that their burrows will connect, and thus 
form a channel for the admission of water, and destroy the work. 
A disregard of this requirement has caused thousands of acres of 
salt marsh that had been enclosed by dykes having a ditch on each 
side, (much the cheapest way to make them,) to be abandoned, 
and it has induced the invention of various costly devices for the 
protection of embankments against these attacks."' 



The lalcsl invcnlion of ihi^ vjil, j^ Lhal of a 5cric& of caal iron plalc5. '*cl 
on edge, nvcrcd logclhcr, and driven in lo such a dcplh as lo reach from ihc 
lofi of ihc dyke lo a poiul below lo\v-%valcr mark. The besl Ihal can be '>aid of 
Lhi\ plan i&, thai jIa adoplioa \tould do no hann. Unlca^ llie plaice are diivcn 
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Wlien the creek or esluaiy to be cul off is very wide, Ihe 
enibankmenl may be carried out, at leisure, froni each side* until 
the chiinnel is only wide enough to allow Ihe passage of the tide 
wUhout loo greal a rush of water agiiinsi the unfinished ends of 
the work; bul, even in these cases, there will be economy in Ihe 
use of fascines and piles from Ihe first, or of stones if these can 
be reiidily procured. In wide streams, partial obstructions of Ihe 
[201] waler course will sometimes induce the deposit of sill in such 

quantities as will greiitly assist the work. No written description 
of a single process will suffice for Ihe direction of those having 
charge of this most delicate of all drainage operations. Much 
must be left to Ihe ingenuity of Ihe director of Ihe work, who 
will have to avail himself of the assistance of such favorable 
circumstances as may, in Ihe case in hand, offer themselves. 

If the barrier to be built will require a considerable outlay, it 
should be placed in the hands of a competent engineer, and it will 
generally demand the full measure of his skill and experience. 

The work cannot be successful, unless the whole line of Ihe 
water-front is protected by a continuous bank, sufficiently high 
and strong in all of its parts to resist Ihe action of the highest 
tides and the strongest waves to which it will be subjected. As 
it is always open to inspection, al each ebb tide, and can always 
be approached for repair, it will be easy to keep il in good 
condition; and, if properly attended to, it will become more solid 
and effective wilh age. 

The removal of the causes of iiiuiidation from Ihe upland 
is often of almost equal importance with the shutting out of the 



deeply inio ihc cla^ uridcrt^mg (he permeable soil, (and this is somclimes very 
deep,) ihe^ woLild nnl prevem ihe slighl infillralion of waler which could pa^a 
under llicni as well as ihroLigh any other pan of ihe soli, and unless ihe iron 
were vcr^ ihick, ihe corrosive action of ^all waler would soon so honeycomb 
il Ihal the borers would easily peaelralc il, bul ihe greal objeclion lo ihe use of 
rhese plales is, ihal ihey would be very cosily and ineffecluaL A dyke, made 
as described above, of ihc malenal of ihe In^calil^, havrng a dilch onl^ on ihe 
inside, aad being well sodded on ilsoulerface, \tould be far cheaper and beller. 
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sen, since the amount of water brought down by rivers, brooks, 
iind hill-side wash, is often more than can be removed by any 
practicable means, by sluice gales, or pumps. 

It will be quite enough for the capacity of these means of 
drainage, lo remove ihe rain-water which falls on the flal land, 
and that which reaches it by under-ground springs and by in- 
filtration, — its proper drain age -water in short, — without adding 
that which, coming from a higher level, may be made lo flow off 
by its own falL 

Catch-waler drains, near Ihe fool of the upland, may be so 
arranged as lo receive Ihe surface water of Ihe hills and carry il [202j 
off, always on a level above that of the top of the embankmeni, 
and these drains may often be, wilh advantage, enlaiged to a 
sufficient capacily lo carry Ihe streams as well. If the mar^h is 
divided by an actual river, it may be best lo embank it in two 
separate tracts; losing the margins, thai have been recommended, 
outside of the dykes, and building Ihe necessary additional length 
of these, rather Ihan lo coiilend wilh a large body of waler. But, 
frequently, a very large marsh i^ traversed by a torluous stream 
which occupies a large area, and which, although Ihe tidal waler 
which it conlains gives il Ihe appearance of a river, is only the 
outlet of nn insignificani stream, which might be carried along 
the edge of Ihe upland in an ordinary mill-race. In such case it is 
better lo divert the stream and reclaim the whole area. 

When a siream is enclosed between dykes, lis windingcourse 
should be made straight in order that lis waler may be carried 
off as rapidly as possible, and Ihe land which il occupies by its 
devialions, made available for cultivation. In Ihe loose, silty soil 
of a salt marsh, the siream may be made to do mosi of the work 
of making its new bed, by conslrucling lemporaiy "jelties," or 
other obstructions lo its accustomed flow, which shall cause its 
current lo deposit sill in its old channel, and lo cut a new one oul 
of the opposite bank. In some instances it may be well lo make 
an elevated canal, straight across Ihe tract, by conslrucling banks 
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high enough To confine Ihe stream and deliver il over Ihe lop of 
the dyke; in others il miiy be more expedieni to carry the stream 
o'^er, or through, the hill which bounds the marsh, and cause it 
to discharge through an adjoining valley. Improvemenis of Ihis 
magnilLide, which oflen affect Ihe interesi of niany owners, or 
of persons interesled in the navigation of the old channel, or in 
mill privileges below the point at which the watercourse is to be 
[203] diverted, will generally require legislative interference. But they 

not seldom promise immense advantages for a comparatively 
small outlay. 

The instance cited of the Hackensack Meadows, in New Jer- 
sey, is a case in point. Its area is divided among niany owners, 
and, while ninely-nine acres in every hundred are given up lo 
muskrals, mosquitoes, coarse rushes and malaria, Ihe olher one 
acre may belong to the owner of an adjaceni farm who values ihe 
salt hay which it yields him, and ihe litle to the whole is vesled 
in many individual proprietors, who could never be induced lo 
unite in an improvemeni for the common beneflL Then again, 
thanks lo the tide Ihat sets back in theHackensack River, il is able 
to floal an occasional vessel to the unimporlant villages al Ihe 
northern end of Ihe meadows, and the righl of navigation can be 
interfered with only by governmenlal action. If the Hackensack 
River proper, that part of it which only serves as an outlel for 
the drainage of the high land north of the meadows, could be 
diverted and carried through the hills to the Passaic; or confined 
within straight elevaled banks and made to discharge al high 
water mark al the line of Ihe Philadelphia Rarl-road; — the wash 
of the highlands, easi and weslof the meadows, being also carried 
off al Ihis level, — Ihe bridge of ihe railroad might be replaced 
by an earth embankment, less than a quarter of a mile in length, 
effecting a complete exclusion of the tidal flow from the whole 
tract. 

This being done, a steam -pump, far less formidable Ihan many 
which are in prof liable use in Europe for the same pnrpose, would 
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empty, and keep emply, the presenlbed of the river* which would 
form ii capital outlet for the drainage of Ihe whole area. T^^entv 
thousand acres, of ihe most fertile land, would thus be added to 
the available area of the State* greatly increasing ils weallh, and 
inducing the seltlemeni of thousands of industrious inhabitanls. 

As the circumstances under which upland water reaches lands [204i 
of Ihe class under consideration vary wilh every locality^ no 
specific directions for the IrealmenI of individual cases can be 
given within the limils of this chapter; bin ihe problem will rarely 
be a difficult one. 

The removal of Ihe rain-fall and water of filtration is the 
next point to be considered. 

So far as the drainage of the land, in detail, is concerned* it 
is only necessary lo say that it may be accomplished, as in the 
case of any other level land which, from the slight fall that can 
be allowed the drains, requires close attention and great care in 
Ihe adjustment of ihe grades. 

The main difficulty is in providing an outlet for the drains. 
This can only be done by artificial means, as the water nnist be 
removed from a level lower than high-water mark, — sometimes 
lower than low-waler. 

If it is only required that the outlet be at a point somewhat 
above the level of ordinary low-water, it will be sufficient to 
provide a sufficieni reservoir, (usually a large open ditch,) to 
contain the drainage waler that is discharged while the lide stands 
above the floor of the outlet sluice-way, and to provide for its 
outfiow while the level of the tide water is below the point of 
discharge. This is done by means of sluices having self-aclmg 
valves, (or tide-gales, J opening outward, which will be closed by 
the weight of the water when the tide rises againsi them, being 
opened again by the pressure of the water from within, as soon 
the tide falls below the level of the water inside of the bank. 

The gates and sluices may be of wood or iron, — square or 
round. The best would be galvanized iron pipes and valves; but 
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a square wooden rriink, closed wilh a heavy oak gate thai fils 
closely againsi ils ouler end, and moves freely on its hinges, will 
answer capitally well, if ciirefiilly and strongly made, [f the gale 
is of wood, it will be well lo have il lie in a slightly ^lanling 
posilion, so Ihat its own weighl will tend to keep il closed when 
[205] the tide firsi commences to rise above the floor, and might trickle 

in, before it had acquired sufficient head to press the gale against 
the end of Ihe trunk. 

As Ihis oullet has to remove, in a short time, all of Ihe water 
that IS delivered by Ihe drains and dilches during several hours, 
It should, of course, be considerably larger than would be re- 
quired for a constantly flowing drain from Ihe same area; but 
the immense gales, — large enough for a canal lock, — which ore 
sometimes used for the drainage of a few acres of maish, are 
absurd. Not only are they useless, they arc really objectionable, 
inasmuch as the greater exteni of Iheir joints increases the risk of 
leakage al the lime of high water. 

The channel for the oiilflow of the waler may sonielimes, 
wilh advanlage, be open to the top of the dyke or dam, — a canal 
instead of a trunk; bul ihis is rarely the belter plan, and is only 
admissible where ihe discharge is into a river or small bay, too 
small for the formalion of high waves, as these would be best 
received on the face of a well sodded, sloping bank. 

The height, above absolule low waler, at which the outlet 
should be placed, will depend on the deplh of Ihe outlet of Ihe 
land drain, and Ihe depth of storage room required lo receive ihe 
drainage water during the higher stages of the tide. Of course, it 
musi nol be higher Ihan Ihe floor of the land drain outlel, and, 
except for the purpose of affording slorage room, il need nol be 
lower, although all ihe drainage will discharge, not only while 
the tide water is below the bottom of the gate, bul as long as it 
remains lower than the level of Ihe waler inside. It is well to place 
the moiilh of Ihe irunk nearly as low as ordinary low -water mark. 
This will frequently render it iiecessoiy to cairy a covered drain. 
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of wood or brick, Ihrough The mud, out as far as Ihe lide usually 
recedes, — connecled wilh Ihe valve gale al ihe oiiller of the Iriink, 
by a covered box which will keep rubbish from obstructing it, or [2061 
interfering with its action. 

When the oiitiel of ihe tand-diains is behw low-waler mark^ 
it is of course necessary to pump out the drainage water. This 
is done by steam or by wind, the latter being economical only 
for small tracts which will not bear the cost of a stearn pump. 
Formerly, this work was done entirely by windmills, but these 
afford only an uncertain power, and often cause the entire loss of 
crops which are ready for the harvest, by obstinately refusing to 
work for days after a heavy rain has deluged the land. In grass 
land they are tolerably reliable, and on swti// tracts in cultivation, 
it IS easy, by having a good proportion of open ditches, to afford 
storage room sufficient for general security; but in the reclaim- 
ing of large areas, (and it is with these that the work is most 
economical,) the steam pump may be regarded as indispensable. 
It is fast superseding the windmills which, a few years ago, were 
the sole dependence in Holland and on the English Fens. The 
magnitude of the pumping machinery on which the agriculture 
of a large part of Holland depends, is astonishing. 

There ai"e such immense areas of salt marsh in Ihe United 
States which may be tolerably drained by the use of simple 
valve gates, discharging above low-water mark, that it is not 
very important to consider the question of pumping, except in 
cases where owners of small tracts, from which a sufficient 
tidal outlet could not be secured, (without the concurrence of 
adjoining proprietors who might refuse to unite in making the 
improvement,) may find it advisable to erect small pumps for 
their own use. \y\ such cases, it would generally be most econom- 
ical to use wind-power, especially if an accessory steam purap 
be provided for occasional use, in emergency. Certainly, the 
tidal drainage should first be resorted to, for when the land has 
once been brought into cultivation, the propriety of introducing 
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[207] 5teiim pumps will become more apparent, and Ihe outliiy will 

be made wilh more confidence of profitable relurn, and, in all 
ciises, the tidal outlet should be depended on for Ihe oulflow of 
all Wilier above its level. It would be folly lo raise wiiler by 
expensive means, which can be removed, even periodically, by 
nalural drainage. 

When pumps are used, their discharge pipes should pass 
through the embankment, and deliver the water at low-water 
mark, so Ihat Ihe engine may have lo operale only againsi Ihe 
aclual height of ihe tide waler. If it delivered above high-water 
mark, it would work, even at low tide, against a constant head, 
equal to ihal of Ihe highesi tides. 
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CHAPTER X. - MALARIAL 

DISEASES. 

So fill" as remote agriculrural districts are concerned, il is no! 
probable thai Ihe mere question of health would induce the 
undertaking of costly drainage operations, although ihi^ consid- 
eration may operate, in connection with the need for an improved 
condition of soil, as a strong argument in its favor. As a rule, 
"the chills" are accepted by faimers* especially at the West, as 
one of the slight inconveniences attending their residence on rich 
lands; and it is not proposed, in this work, to urge the evils 
of this terrible disease, and of "sun pain," or "day neuralgia," 
as a reason for draining the immense prairies over which they 
prevail. The diseases exist, — to the incalculable detriment of the 
people, — and thorough draining would remove them, and would 
doubtless bring a large average return on the investment; — but 
the question is» after all, one of capital; and the cost of such 
draining as would remove fever-and-ague from the bottom lands 
and prairies of the West, and from the infected agricultural dis- 
tricts at the East, would be more than the agricultural capital of 
those districts could spare for the purpose. |2dsi 

In the vicinity of cities and towns, however, where more wealth 
has accumulated, and where the number of persons subjected to 
the malarial influence is greater* there can be no question as to 
the propriety of draining, even if nothing but improved health be 
the object. 

Then again, there are immense tracts near the laige cities of 
this country which would be most desirable for residence, were 
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il no! Thai their occupancy, excepi with cerlain constani precau- 
tions, implies almosi inevitable suffering from fever -and -ague, 
or neuralgia. 

Very few neighborhoods within thirty miles of the city of 
New York are enlirely free from Ihese scourges, whose influence 
has greally relarded Iheir occupation by those who are seeking 
counlry homes; while many, who have braved the dangers of 
disease in these locatilies, have had sad cause to regret their 
temerily. 

Probably ihe mosi striking instance of the effecl of malaria on 
the growth and settlement of suburban districts, is to be found on 
Staten Island. Within five miles of the Battery; accessible by the 
mosI agreeable and best managed ferry from the city; practically, 
nearer lo Wall street than Murray Hill is; wilh most charming 
views of land and waler; with a beautifully diversified surface, 
and an excellent soil; and affording capilal opportunilies for sea 
balhing, it should be, (were it nol for ils sanitary reputation, it 
inevitably would be,) one vast residence-park. Excepi on ils 
extreme northern end, and along its higher ridges, il has, — and, 
unfortunalely, it deserves, — a mosI unenviable repiilalion for 
insalubrity. Here and Ihere, on the soulhern slope also, Ihere are 
favored places which are unaccounlably free from the pesi, but, 
asaruJe, il is, during the summer and autumn, unsafe to live there 
wilhout having conslant recourse lo preventive medication, or 
exercising unusual and mconvenienl precaulions with regard lo 
exposure to mid -day sim and evening dew. There are always to be 
[210] found atlraclive residences, which are deserled by their owners, 

and are offered for sale at absurdly low prices. There are isolaled 
mslances of very thorough and very cosily draining, which has 
failed of effect, because so extensive a malarial region cannot be 
reclaimed by anything shorl of a systematic improvement of the 
whole. 

II has been estimated thai the thorough drainage of the low 
lands, valleys and ponds of Ihe eastern end of the island, includ- 



CHAPTER X. -MALARIAL DISEASES. 217 

ing two miles of the south shore, would at once iidd $5,000,000 
10 The market viilue of ihe reiil estate of thai section. There can be 
no question that any radical improvement in this respect would 
remove the only obstiicle lo the rapid seltlemeni of Ihe island 
by those who wish to live in ihe country, yel need lo be near to 
the business portion of Ihe city. The hope of such improvement 
being made, however, seems as reniole as ever, — although any 
one al all acquainted wilh Ihe sources of miasm, in counlry 
neighborhoods, can readily see the cause of Ihe difficulty, and 
the means for its removal are as plainly suggesled. 

Staten Island is, by no means, alone in this respect. All who 
know Ihe hislory of Ihe setllement of the olher suburbs of New 
York are very well aware thai those places which aie free from 
fever-and-ague and malarial neuralgia, are extremely rare. 

The exact cause of fever-and-ague and other malarial diseases 
is unknown, but il is demonstraled Ihal, whalever the cause is, il 
is originated under acombinalion of circumslances, one of which 
is undue moislure in Ihe soil. II is nol necessary Ihat land should 
be i^solutely marshy lo produce Ihe miasm, for this often arises 
on cold, springy uplands which are quite free from deposils of 
muck. Thus far, Ihe allenlion of scientific invesligalors, given to 
the consideration of Ihe origin of malarial diseases, has failed to 
discover any well established facts concerning il; but there have 
been developed cerlain iheories, which seem to be sustained by \n ej 
such knowledge as exisis on ihe subjecl. 

Dr. Barllett, in his work on Ihe Fevers of Ihe United Slates, 
says: — "The essential, efficient, producing cause of periodical 
fever, — the poison whose action on the system gives rise to the 
disease, — is a siibslance or agent which has received ihe names 
of ma fa fin, or inursh miasm. The nature and composition of this 
poison are wholly unknown to us. Like most olher analogous 
agents, like Ihe conlagious principle of small-pox and of typhus, 
and like Ihe epidemic poison of scarletina and cholera, they are 
too subtle to be recognized by any of our senses, they are too 
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fugitive to be caught by iiny of our contrivances. 

"As always liappens in siicli case^ and under similar circum- 
stances, in the absence of positive knowledge, we have been 
abundantly supplied wilh conjecLire and speculation; what ob- 
servation has failed to discover, hypothesis has endeavored and 
professed to supply. It is quite unnecessary even lo enumerate ihe 
different substances to which malaria has been referred. Amongst 
them are all of Ihe chemical products and compounds possible in 
wcl and marshy localities; moisture alone; the producis of animal 
and vegetable decomposition; and invisible living organisms. *■ * 
" " Inscrutable, however, as the intimate nature of the substances 
or agents may be, there are some few of its laws and relations 
which ai"e very well ascertained. One of these consisis in its con- 
nection wilh low, or wet, or marshy localities. This connection is 
not invariable and exclusive, that is, there are marshy localities 
which are not malarious, and there are malarious localities which 
are not maishy; but there is no doubt whatever that it generally 
exists." 

In a report to the United States Sanilary Commission, Dr. 
[212] Metcalfe states, thai all hypotheses, even the most plausible, are 

enlirely unsupported by positive knowledge, and he says: — 

"This confession of ignorance still leaves us in possession 
of certain knowledge concerning malaria, from which much 
practical good may be derived. 

"1st. II af feels, by preference, low and moist localities. 

"2d. It is almost never developed al a lower temperature than 
60° Fahrenheit. 

"3d. Its evolution or active agency is checked by a temperature 
of 32°. 

"4lh. It is most abundant and most virulent as we approach the 
equator and the sea-coasl. 

"5lh. It has an affmily for dense foliage, which has the power 
of accumulating il, when lying in the course of winds blowing 
from malarious localilies. 
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"6th. Foresis, or even woods, have Ihe power of ob^irucling 
iind preventing ils transmission, under these circumstances. 

"7th. By atmospheric currents it is capable of being transported 
to considerable dislances — probiibly as far as five miles. 

"Sth. [I may be developed, in previously heiilthy places, by 
turning up the soil; as in making excavations for foundations of 
houses, tracks for railroads, and beds for canals. 

"9th. In certain cases it seems to be attracted and absorbed by 
bodies of waler lying in the course of such winds as wafi it from 
the miasmatic source. 

"10th. Experience alone can enable us to decide as to the 
presence or absence of malaria, in any given locality. 

"11th. In proportion as countries, previously malarious, are 
cleared up and ihickly settled, periodical fevers disappear — in 
many instances to be replaced by the typhoid or typhus." 

La Roche, in a carefully prepared treatise on "Pneumonia; 
its Supposed Connection with Aulumnal Fevers," recites various |?i3i 
theories concerning the mode of action of marsh miasm, and 
finds them insufficient to account for the phenomena which they 
produce. He continues as follows: — 

"All the above hypotheses failing lo account for the effects 
in queslion, we are naturally led to the admission thai Ihey are 
produced by the morbific influence of some special ageni; and 
when we take inlo consideralion all the circumstances altending 
the appearance of febrile diseases, Ihe circumscribed sphere of 
their prevalence, Ihe suddenness of their allack, Ihe character of 
theu" phenomena, etc., we may safely say Ihat there is nothing 
left but lo altribute Ihem to Ihe aclion of some poison dissolved 
or suspended in the air of Ihe infecled locality; which poison, 
while doubtless requiring for lis developmeni and dissemination 
a certain degree of heat, and terrestrial and atmospheric moisture, 
a certain amouni of nighlly condensation after evaporation, and 
the presence of fermenlmg or decomposing malerials, cannol be 
produced by either of ihese agencies alone, and though indicated 
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by The cheniisi, betrays ils presence by producing on Ihose ex- 
posed 10 lis influence Ihe peculiar morbid changes characlerizing 
fever." 

He quotes the following from the Researches of Dr. Chad- 
wick: — 

"In considering the circumstances external to the residence, 
which affect the sanitary condition of the population, Ihe impor- 
tance of a generic] land-drainage is developed by Ihe inquiries 
as lo the cause of Ihe prevalent diseases, to be of a magnitude 
of which no conceplion had been formed al the commencement 
of the invesligalion. Ils importance is manifested by the severe 
consequences of ils neglect in every pari of the country, as well as 
by its advantages in Ihe increasing salubrity and productiveness 
[214] wherever the drainage has been skiliful and effectual." 

La Roche calls attention to these facts: — That Ihe acclimated 
residents of a malarious locality^ while they are less subject than 
strangers to active fever* show, in Iheir physical and even in 
their mental organization, evident indications of the ill effects of 
living in a poisonous atmosphere, — i.m evil which increases with 
successive generations, often resulting in a positive deterioration 
of the race; that the lower animals are affected, though in a 
less degree than man; that deposits of organic matter which are 
entirely covered with water, (as al ihe bottom of a pondj are 
noi productive of malaria; that this condition of saturation is in- 
finitely preferable to imperfect drainage; that swamps which are 
shaded from the sim's heat by trees, are not supposed to produce 
disease; and that marshes which are exposed to constant winds 
are not especially deleterious to persons living in iheir immediate 
vicinity, — while winds frequently carry the emanations of mias- 
matic districts to points some miles distant, where they produce 
Iheir worst effects. This latter statement is substantiated by the 
fact thai houses situated some miles to Ihe leewai'd of low, wet 
lands, have been especially insalubrious until the windows ajid 
doors on the side toward the source of Ihe miasm were closed up. 
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and openings mode on the oilier side, — and thenceforth remained 
free from Ihe disease* although other houses wilh openings on 
the exposed sides conlinued unhealthy. 

The literature relating lo periodical fevers contains nothing 
else so inlerestiiig as the very ingenious arlicle of Dr. J. H. 
Salisbury, on ihe "Cause of Malarions Fevers," contribnied to 
the "American Journal of Medical Science," for January* I 866. 
Unfortunately, while there is no evidence lo controvert the state- 
ments of this article, they do not seem lo be honored with the 
confidence of Ihe profession* — nol being regarded as sufficiency 
authenticated lo form a basis for scientific deduclions. Dr. Sal- 
isbury claims lo have discovered the cause of malarial fever in 
the spores of a very low order of plant, which spores he claims |?i5j 
to have invariably detected in Ihe saliva, and in ihe urine, of 
fever patients, and in those of no other persons, and which he 
collected on plates of glass suspended over all marshes and other 
lands of a malarious character, which he examined, and which 
he was never able to oblain from lands which were not malari- 
ous. Starting from this point, he proceeds, (with circumstantial 
statements thai seem to the unprofessional mind lobe sufficient,) 
to show thai Ihe plani producing these spores is always found, 
in the form of a whitish, green, or brick-colored incrustation, 
on the surface of fever producing lands; that the spores, when 
detached from Ihe pareni plant, are carried in suspension onty in 
the moist exhalations of wet tands^ never rising higher, (usually 
from 35 to 60 feet,) nor being carried failher, than Ihe hnmid air 
itself; that they most accumulate in the upper strata of the fogs, 
producing more disease on lands slightly elevated above the level 
of Ihe marsh than at its very edge; that fever-and-ague are never 
to be found where this plant does not grow; that it may be at 
once introduced into the healthiest locality by Iransporlmg nioisl 
earth on which the incrustation is forming; ihat ihe plani, being 
introduced into Ihe human system ihrongh Ihe lungs, continues to 
grow Ihere and causes disease; and that qiiinia arresis its growth. 
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(ii5 it checks the multiplication of yeiisl planis in fermentation*) 
and thus suspends ihe action of the diseiise. 

Probably il would be impossible to prove thiil the foregoing 
theory is correcl, though il is not improbable Ihat it contains the 
gemi from which a fuller knowledge of Ihe disease and lis causes 
will be oblained. II is sufficient for Ihe purposes of this work lo 
say that, so far as Dr. Salisbury's opinion is valuable* it is* — like 
the opinion of all other writers on the subject* — fully in favor 
of perfect drainage as the one great prevenlive of all malarial 
[216] diseases. 

The evidence of ihe ejfect of drainage in removing the cause 
of malarial diseases is complele and conclusive. Instances of 
such improvemeni in this country ars nol rare, bill they are much 
less numerous and less conspicuous here Ihan in England* where 
draining has been much more extensively carried out, and where 
grealer pains have been laken to colled testimony as to its ef feels. 

If there is any fact well eslablished by sal isfactory experience, 
il is ihal thorough and judicious draining will entirely remove Ihe 
local source of the miasni which produces these diseases. 

The voluminous reporls of various Committees of the En- 
glish Parliament, appoinled to investigate sanitary queslions, are 
replete with informalion concerning experience throughout the 
whole country* bearing directly on this question. 

Dr. Whitley, in his report lo the Board of Health, (in IS64,) 
of an extended tour of observation, says of one town thai he 
examined: — 

"Mr. Nicholls, who has been forty years in practice here, 
and whom I was unable to see al the lime of my visit, writes: 
Intermittent and remilteni are greatly on Ihe decline since Ihe im- 
proved state of drainage of the town and surrounding distr id* and 
more particularly marked is this alleration, since the introduction 
of the water-works in the place. Although we have occasional 
outbreaks of inlermilteni and remittent, wilh neuralgic attacks, 
they yield more speedily to remedies, and are not attended by 
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so much enlargemeni of Ihe liver or spleen as formerly, and 
dysenlery is of riire occurrence/' 

Dr. Whilley sums up his case as follows: — 

"It would appeal" from Ihe foregoing inquiry, that inlermilteni 
and remilteni fevers, and iheir consequences, can no longer be 
regarded as seriously affecting Ihe heallh of the population* in 
many of Ihe districts* in which those diseases were formerly of a 
formidable character. Thus, in Norfolk, Lincolnshire, and Cam- \H7] 
bridgeshire, counlies in which these diseases were bolh frequeni 
and severe, all the evidence, excepi that furnished bv the Peter- 
borough Infirmary, and, in asomewhal less degree, in Spauldmg, 
tends to show thai ihey are at Ihe present lime, comparatively 
rare and miid in form." 

He mentions similar results from his invesligalions in olher 
parls of the kingdom, and says: — 

"It may, therefore, be safely asserled as regaids England 
generally, that: — 

"The diseases which have been made the subject of the present 
inquiry, have been steadily decreasing, both in frequency and 
se verily, for several yesr^, and this \Jeci ease is anisbuted. in near- 
ly every case, mainly to one cause. — improved land dtainage;" 
again: 

"The change of focal circumstances, unanimously declared to 
be IhemosI immediate in influencing ihe prevalence of malarious 
diseases, is land drainage;" and again: 

"Except in a few cases in which medical men believed thai 
these affeclions began to decline previously to the improved 
drainage of Ihe places mentioned, the decrease in all of the dis- 
Iricls where extensive drainage has been carried oul, was stated 
to have commenced about the same time^ and was unhesitatingly 
attributed to that cause." 

A select Committee of Ihe House of Commons, appointed to 
investigate Ihe condition and sanitary influence of the Thames 
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marches, repoiled Their minutes of evidence, and Iheir deductions 
therefrom^ in 1854, Tlie following is extracted from their report: 

"It appears from the evidence of highly intelligent and eminent 
gentlemen of the medical profession, residing in the neighbor- 
[218] hood of the marshes on both sides of the Thames below London 

Bridge, that the di^ease^ prevalent in these districts are high- 
ly indicative of malarious influences* fever-and-ague being very 
prevalent; and that the sickness and mortality are greatest in those 
localities which adjoin imperfectly drained lands, and fai" exceed 
the usual average; and that ague and allied disorders frequently 
extend to the high grounds in the vicinity. In those districts 
where a partial drainage has been effected, a corresponding 
improvement in the heallh of the inhabitants is perceptible." 

In the evidence given before the committee. Dr. P. Bossey 
testified that the malaria from salt marshes varied in intensity, 
being most active in the morning and in the Summer season. 
The marshes are sometimes covered by a little fog, usually not 
more than three feet thick, which is of a very offensive odor, and 
detrimental to health. Away from the marshes, there is a greater 
tendency to disease on the side toward which the prevailing 
winds blow. 

Dr. James Stewart testified that the effect of malaria was 
greatest when verv hot weather succeeds heavy rain or floods. 
He thought that malaria could be carried itp aslope, but has never 
been known to descend, and that, consequently, an intervening 
hill affords sufficient protection against marsh malaria. He had 
known cases where the edges of a river were healthy and the 
uplands malarious. 

In Santa Maura and Zante, where he had been stationed with 
the army, he had observed that the edge of a marsh would be 
comparatively healthy, while the higher places in the vicini- 
ty were exceedingly unhealthy. He thought that there were a 
great many mixed diseases which began like ague and termi- 
nated very differently; those diseases would, no doubt, assume 
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n very different form if they were nol produced by the rtiiirsh 
air; rtiiiny diseases are very difficult lo treat, from being of a 
mixed character beginning like miirsh fevers and terminating like [2\9} 
inflanimalory fevers, or diseases of Ihe che?!. 

Dr. George Farr teslified that rheumatism and lic-doloreux 
were very common among ihe ladies who live at (lie Woolwich 
Arsenal, near Ihe Thames marshes. Some of these casei were 
quite incurable, until the patients removed to a purer almosphere. 

W. H. Gall, M. D., Ihoughl that Ihe exteni lo which malaria 
affected the heallh of London, must of course be very much 
a theoretical question; "bul it is very remarkable that diseases 
which are nol distinctly miasmalic, do become much more severe 
in amiasnialicdistricL Influenzas, which prevailed in England in 
IS47, were very much more falal in London and ihe surrounding 
parts than Ihey were in Ihe country generally, and influenza and 
ague poisons are very nearly allied in iheir effecls. Marsh miasms 
are conveyed, no doubl, a considerable dislance. Sufficiently 
authentic cases are recorded to show Ihat the influence of marsh 
miasm exiends several miles." Other physicians testify to the 
fact, Ihat near ihe Thames marshes, the prevalent diseases are all 
of them of nn aguish lype, mlermillent and remitlent, and thai 
they are accompanied wilh much dysenlery. Dr. John Manly said 
that, when he first went to Baiking, he found a great deal of ague, 
but since the draining, in a populalion of len thousand, there are 
not half-a-dozen cases annually and but very litlle remitlent. 

The following Extract is taken from Ihe teslimony of Sir 
Culling Eardly, Bail.; 

"Chairman: — I believe you reside at Bel videre, in the parish of 
Erith^ — Yes. — Ch.: Close lo these marshes? — Yes. — Ch.; Can 
you speak from your own knowledge, of the stale of Ihese marsh- 
es, with regard to public health? — Sir C: I can speak of some of 
the resulls which have been produced in Ihe neighborhood, from 
the condition of Ihe marshes; the neighborhood is in one contin- 12201 
ual slale of ague. My own house is prolected, from Ihe heighl of 



226 Draining for Profit^ and Draining for Heallh 

its position* and a gentleman's house is less liable to the influence 
of malaiia llian Ihe liouses of Ihe lower classes. But even in 
my house we ore liable to ague; and to show the exlraordinary 
manner in which the ague operales* in ihe basement story of Ihis 
house where my nien-servanls sleep, we have more ihan once 
had bad ague. In the altics of my house, where my niaid-servanls 
sleep, we have never had it. Persons are deterred from settling in 
the neighborhood by ihe aguish characler of the counlry. Many 
persons, altracted by the beauly of the locality, wish to come 
down and seltle; but when they find the liabilily lo ague* they 
are compelled to give up their intention. I may mention that the 
village of Erith itself, bears marks of the influence of malaria. It is 
more like one of the desolate lowns of [laly, Ferrara, for inslance, 
than a healthy, happy, English village. I do not know whether il 
is known to the commitlee, thai Erith is the village described in 
Dickens' Household Words, as Dumble-down -deary, and ihal it 
IS amosi graphic and correcl description of the slate of the place, 
attributable to the unhealthy character of the locality." 

He also stated that the ague is not confined to the marshes, but 
exiends to the high lands neai" Ihera. 

The General Board of Health, of England, at Ihe close of a 
voluminous report, publish the following "Conclusions as to the 
Drainage of Suburban Lands: — 

"3. Excess of moisture, even on lands nol evidenlly wet, is a 
cause of fogs and damps. 

"2. Dampness serves as a medium for the conveyance of any 
decomposing matter that may be evolved, and adds to the injuri- 
ous ef feels of such matters in Ihe air: — in other words the excess 
of moisliire may be said lo increase or aggravate almospheric 
[221] impurilies. 

"3. The evaporation of Ihe surplus moisture lowers the tem- 
peralure, produces chills, and creales or aggravates Ihe sudden 
and Injurious changes or fluctuations by which heallh is injured." 

In view of the foregoing opinions as to the cause of malaria. 
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iind of the evidence as lo Ihe effect of diiiining in removing the 
unhealthy condilion in which ihose causes origmale, il is not too 
much to say that* — in iiddition to Ihe capital effect of draining on 
theproduclivecapacily of the land, — the mosi beneficial sanitary 
resuhs may be confidently expected from ihe extension of the 
priictice, especially in such localities as are now unsafe^ or at 
least undesirable for residence. 

In proportion to Ihe completeness and efficiency of the means 
for Ihe removal of surplus water from the soil: — in proportion, 
thiit is, lo the degree in which Ihe improved tile drainage de- 
scribed in these pages is adopled, — will be the completeness of 
the rem ov ill of the causes ofdiseiise. So faias the drying of malar- 
ious lands IS concerned, it is only necessary to construct drains 
in precisely the same manner as for agricultural improvement. 

The removal of Ihe wasle of houses* and of olher fillh, will be 
considered in the nexl chapter. 
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CHAPTER XI. - HOUSE 
DRAINAGE AND TOWN 
SEWERAGE IN THEIR 
RELATIONS TO THE PUBLIC 
HEALTH. 



The following i^ extracted from a reporl made by the General 
Board of Health lo the Brilish Piirlianienl, concerning the admin- 
islration of Ihe Public Health Acl and the Nuisances Removal 
and Diseases Prevention Acts from ] 848 lo 1854. 

"Where instances have been favorable for definite observa- 
tion, as in broad blocks of buildings, Ihe effects of sanitary 
improvemenl have been already manifested to an extern greater 
than could have been anticipated, and than can be readily credited 
by those who have not paid attention to the subject. 

"In one favorable inslance, that of between 600 and 700 per- 
sons of the working clas^ in the meiropoli^, during a period of 
three year^, ihe average rale of mortality has been reduced to 
between 13 and 14 in 1000. In another inslance, for a shorter 
period, among 500 persons, Ihe mortality has been reduced as 
low as even 7 in 1000. The average rale of mortality for the 
whole metropolis being 23 in 1000. 

"In another inslance, the abolishing of cess-pools and iheir re- 
placemenl by waler-clo^els, togelher with Ihe abolishing of brick 
drains and iheir replacement by impermeable and self-cleansing [in 
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stone-ware pipes, has been attended wilh an immediate and ex- 
traordinary reduclion of morlalily. Thus, in Lambelh Square, 
occupied by a superior class of operalives, in Ihe receipl of 
high wages* the deaths, which in ordinary tinies were above Ihe 
general average, or more than 30 in 1000, had risen lo a rate of 
55 in 1000. By the abolishing of cess-pook, which were wilhin 
the houses, and the substitution of water-closets, and with the 
introduction oftubulai", self-cleansing house-drains, the mortalily 
has been reduced to 1 3 in 1000. 

"The reduction of Ihe mortality was effected precisely among 
the same occupanis, without any change in Iheir habils whatever." 

"Sewers are less important than the House-Drains and Waler- 
Closets, and if not carrying nnich water, may become cess -pools. 
[n Ihe case of the Square jusi referred to, when cess-pools and 
drains of deposit were removed without any alteration whale ver 
in Ihe adjaceni sewers, fevers disappeared from house to house, 
as these receplacles were filled up, and Ihe waler-closet appa- 
ratus subsliluted, merely in consequence of the removal of Ihe 
decomposing matter from beneath the houses to a distant sewer 
of deposit or open water course. 

"If the mortalily were at Ihe same rate as in Ihe model 
dwellings, or in ihe improved dwellings in Lambelh Square, Ihe 
annua] deaths for the whole of the metropolis would be 25,000 
less, and for the whole of England and Wales 170,000 less than 
the actual dealhs. 

"[f the reduced rate of mortality in these dwellings should 
continue, and Ihere appeals to be no reason to suppose thai it 
will not, the exiension to all lowns which have been affected, of 
the improvemenls which have been applied in ihese buildings, 
would raise Ihe average age al dealh to about forty-eighl instead 
of twenty -nine, the present average age at dealh of the inhabitants 
[224] of towns in all England and Wales." 

The branch of the Art of Drainage which relales to ihe removal 
of the fecal and other refuse wasles of the population of lowns. 
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is quile diffeienr from that which hii^ been described in the 
preceding pages, as applicable lo the agricultural and sanitary 
iraprovemeni of lands under cultivation, iind of suburban dis- 
tricls. Still, ihe faci Ihat town and house driiinage affords a means 
for Ihe preservation of valuable miunires, juslifies its discussion 
in an agricultural work, and "draining for heiillh" would stop far 
short of compleleness were no iitlention paid to the removal of 
the cause of diseases, which are fai" more fnin] than those thai 
originate in an uiidramed condition of the soil. 

The exient lo which ihese diseases, (of which typhoid fever is 
ii type,) are prevented by sanitary drainage, is strikingly shown in 
the extract which commences this chapter. Since the experience 
to which this report refers, it has been found that the most fatal 
epidemics of the lower portions of London originated in the 
choked condition of the street sewers, whose general character, 
as well as the plan of improvement adopted are described in the 
following "Extracts from Ihe Report of the Metropolitan Board 
of Works," made in 1866. 

"The main sewers discharged their whole contents direct into 
the Thames, the majority of them capable of being emptied only 
at the time of low water; consequently, as the tide rose, the outlets 
of the sewers were closed, and Ihe sewage was dammed back, 
and became stagnant; the sewage and impure waters were also 
constantly flowing from the higher grounds, in some instances 
during 18 out of the 24 hours, and thus the thick and heavy 
substances were deposited, which had lo be afterwards removed 
by the costly process of hand labor. During long continued or 
copious falls of rain, more particularly when these occurred at the 
time of high water in Ihe river, the closed outlets not having suffi- 
cient storage capacity lo receive Ihe increased volume of sewage, |??5i 
the houses and premises in the low lying districts, especially on 
the south side of the river, became flooded by the sewage rising 
through the house drains, and so continued until the tide had 
receded sufficiently to afford a vent for the pent-up waters, when 
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the sewage flowed and deposiled itself along the banks of Ihe 
river, evolving gases of a foul and offensive character. 

"This stale of things had a most injurious effect upon Ihe 
condition of the Thames; for not only was Ihe sewage carried 
up the river by Ihe rising tide, at a time when the volume of 
pure waler was al its mininiLim, and quile insufficient to dilute 
and disinfect it, but il was brought back again into Ihe heart of 
the metropolis* there to mix with each day's fresh supply, until 
the gradual progress towards ihe sea of many day's accumulation 
could be plainly discerned; Ihe resull being Ihat Ihe portion of 
the river within the metropolitan district became scarcely less 
impure and offensive Ihan the foulest of the sewers themselves. 

V W X 1 X 1 

"The Board* by the system they bave adopled* have sought 
to abolish the evils which hilherto existed* by constructing new 
lines of sewers, laid in a direction at right angles to Ihat of Ihe 
existing sewers, and a little below iheir levels, so as to intercept 
their contents and convey them to an outfall* on the north side 
of the Thames about I 1-1/4 miles, and on the south side about 
14 miles, below London Bridge. By this arrangement as large a 
proportion of Ihe sewage as practicable is carried away by grav- 
itation, and a constant discharge for Ihe remainder is provided 
by means of pumping. At Ihe outlets* the sewage is delivered 
into reservoirs situate on the banks of the Thames, and placed 
at such levels as enable them to discharge into Ihe river at or 
about the time of high water. The sewage thus becomes not only 
at once diluted by the large volume of water in the river at the 
[236] time of high water, but is also carried by the ebb 26 miles below 

London Bridge, and its return by the following flood-tide within 
the metropolitan area* is effectually prevented." 

The details of this stupendous enterprise are of sufficient in- 
terest to justify the introduction here of the "General Statistics of 
the Works" as reported by the Board. 

"A few statistics relative to the works may not prove unin- 
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teresting. The first portion of Ihe works was commenced in 
January ] 839, being about five months after the passing of the 
Act aiilhorising their execution. There are 82 miles of main 
intercepting sewers in London. In the construction of the works 
3 ] 8,000,000 of bricks, and 880,000 cubic yards of concrete have 
been used, and 3,500,000 cubic yards of earth excavated. The 
cost, when completed, will have been about £4,200,000. The 
total pumping power employed is 2,300 nominal horse power; 
and if the engines were at fuli work, night and day, 44,000 Ions 
of coals per annum would be used; but the average consumption 
is estimated at 20,000 tons. The sewage to be intercepted by 
the works on Ihe north side of Ihe river, at present amounts to 
10,000,000 cubic feel, and on the south side 4,000,000 cubic 
feet per day; but provision is made for an anticipated increase in 
these quantities, in addition to the rainfall, amounting to a total 
of 63,000,000 cubic feel per day, which is equal to a lake of 482 
acres, three feel deep, or I 5 limes as large as the Serpentine in 
Hyde Park." 

A very large portion of Ihe sewage has to be lifted thirty-six 
feet to Ihe outfall sewer. The works on the north side of the 
Thames were formally opened, by the Prince of Wales, in April 
1865. 

In the hope that the immense amount of sewage, for which nn 
escape has been thus provided, might be profitably employed in 
agriculture, advertisements were inserted in Ihe public journals 
asking for proposals for carrying out such a scheme; and arrange- 
ments were subsequently made for an extension of Ihe works, by |-??7| 
private enterprise, by the construction of a culvert nine and a half 
feet in diameler, and forty miles in length, capable of carrying 
12,000,000 cubic feet of sewage per day to Ihe barren sands on 
the coast of Essex; the intention being to dispose of the liquid to 
farmers along Ihe line, and to use the surplus for the fertilization 
of 7000 acres, (to be subsequently increased,) which ars to be 
reclaimed from the sea by embankments and valve sluice-gates. 
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The esrimated cos! of (his enterprise is about $10,000,000. 

The work which has been done, and 'Ahich is now in contem- 
plation, in England, is sugge^live of whal might, wilh advanlage, 
be adopted in Ihe larger cities in America. Especially in New 
York an improved means of outiel is desirable, and il is doiiblful 
whelher ihe high rale of mortality of Ihat cily will be malerially 
reduced before effective measures are devised for removing the 
vast accumulations of fillh, which ebb and flow in many of 
the larger sewers, wilh each change of the tide; and which are 
deposited between the piers along the river-sides. 

It would be practicable to construct a mam receiving sewer 
under the river streets, skirting the city, from the vicinity of 
Bellevue Hospital on the east side, passing near the outer edge 
of the Battery, and continuing to the high land near 60th street 
on the west side; having its water level at least twenty feet below 
the level of the street, and receiving all of the sewage which now 
flows into the river. At Ihe Battery, this receiving sewer might be 
connected, by a tunnel, with the Brooklyn shore, its contents be- 
ing carried to aconvenient point south of Fort Hamilton, — where 
their discharge, (by lifting steam pumps), into the waters of the 
Lower Bay, would be attended with no inconvenience. The 
improvement being carried out to this point, it would probably 
not be long before the advantages to result from the implication 
of the sewage to the sandy soil on the south side of Long Island 
[238] would be manifest. 

The effect of such an improvement on the health of the 
city, — which is now in constant danger from the putrefying filth 
of the sewers, [these being little better than covered cess-pools 
under the streets,) — would, no doubt, equal the improvement that 
has resulted from similar work in London. 

The foregoing relates only to the main outlets for town sewage. 
The arterial drainage, (the lateral drains of the system,) which 
receives the waste of the houses and the wash of the streets, 
IS entirely dependent on the outlet sewers, and can be effective 
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only when These are so constructed as to afford a free oiilfall for 
Ihe malters tliyl it delivers lo Iheni. In many towns» owing to 
high situarion^ or to a rapid inclinalion of surface^ the outfiill is 
naturally so good as lo require bill litlle atlention. In all cases, 
the manner of conslructmg the collecling drains is a matler of 
great importance, and in this work a radical change has been 
introduced within a few years past. 

Former ly» immense conduits of porous brick work* in all cases 
large enough to be entered lo be cleansed, by hand labor, of 
their accumulated deposits, were considered necessary for the 
accommodation of the smallest discharge. The consequence of 
this was, that, especially in sewers carrying but little water, the 
solid matlers contained in Ihe sewage were deposited by the 
sluggish flow, frequently causing the entire obslruclion of the 
passages. Such drains always required freqnent and expensive 
cleansing by hand, and the decomposition of Ihe filth which 
they contained produced a most injurious effect on ihe health of 
persons living near their conneclions with Ihe street. The foni 
liquids with which they were filled, passing through Iheir porous 
walls, impregnated the eailh near them, and somelimes reached 
to the cellars of adjacent houses, which were in consequence 
rendered extremely unhealthy. Many such sewers are now in 
exislence, and some such are still being constructed. Not only 
are they unsatisfactory, they are much more expensive in con- [22sj 
struction, and reqnire much attention and labor for repairs, and 
cleansing, than do the slone-ware pipe sewers which are now 
universally adopted wherever measures are taken to investigate 
their comparative merits. An example of the difference belween 
the old and modern styles of sewers is found in Ihe drainage of 
the Westminster School bnildings, etc., in London. 

The new drainage conveys the house and surface drainage of 

about Iwo acres on which are fifteen large houses. The whole 
length of the drain is about three ihousand feet, and the entire 
outlet is through two nine inch pipes. The drainage is perfectly 
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removed, and the pipes are always clean, no foul matters being 
deposiled at any poinl. This drainage lias been adopted as a 
subslitute for an old system of sewerage of which the main was 
from 4 feet high, by 3 feet 6 inches wide, to 17 feet high and 6 
or 7 feet wide. The houses had cess-pools benealh ihem, which 
were filled with ihe accumulations of many years, while the 
sewers ihemselves were scarcely less offensive. Thi^ condition 
resulled in a severe epidemic fever of a very falal characler. 

An examinalion msliluled lo discover the cause of the epi- 
demic resulted in Ihe discovery of Ihe facis set forth above, and 
there were removed from the drains and cess-pools more than 
550 loads of ordure. The evaporating surface of this filth was 
more ihan 2000 square yards. 

Since the new drainage, not only has there been no recurrence 
of epidemic fever, but "a greater improvement in Ihe general 
heallh of Ihe popuialion has succeeded than might be reasonably 
expected in a small block of houses, amidst an ill-conditioned 
districl, from which il cannot be completely isolaled." 

The principle which justifies the use of pipe sewers is precise- 
ly that which has been described in recommending small tiles 
for agricultural drainage, — !n wi!: Ihal Ihe rapidity of a flow of 
water, and its power lo remove ob^lacle^, is in proportion to lis 
[230] depth as compared with its width. It has been found in praclice, 

that a stream which wends its sluggish way along Ihe bottom 
of a large brick culvert, when concenlrated within Ihe area of a 
small pipe of regular form, flows much more rapidly, and will 
carry away even whole bricks, and other substances which were 
an obstacle to its flow in ihe larger channel. As an experiment as 
to the efficacy of small pipes Mr. Hale, Ihe surveyor, who was 
directed by Ihe General Board of Heallh of London to make the 
trial, laid a 12-inch pipe in the bottom of a sewer 5 feet and 6 
inches high, and 3 feet and 6 inches wide. The area drained was 
about 44 acres. He found the velocity of Ihe stream in Ihe pipe 
to be four and a half limes greater lhan that of the same amount 
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of water in the 5ewer. The pipe dl no lime accumulated sill, and 
the force of llie waler issuing from the end of the pipe kept the 
bottom of the sewer perfectly clear for the distance of 12 feel, 
beyond which point some bricks and slones were deposiled, their 
quantity increasing v^iXh ihe dislance from the pipe. He ciiused 
sand, pieces of bricks, stones, mud, etc., lo be piil into the head 
of the pipe. These were all carried clear through Ihe pipe, bul 
were deposiled in the sewer below it. 

II has been found by experiment 111 ill in a fliit bottomed sewer, 
four feet wide, having a fall of eight inches in one hundred feet, 
ii stream of water one inch depth, runs very sluggishly, while 
the siime wiiter running Ihrough a 1 2 -inch pipe, laid on Ihe sitme 
incliniition, forms a rapid siream, carrying away the heavy silt 
which was deposited in ihe broad sewer. As a consequence of 
this, il has been found, where pipe sewers are used, even on al- 
most iniperceplible mclmalions, Ihat silt is very rarely deposiled, 
iind Ihe waste mailers of house and sireel drainage are carried 
immediately lo ihe outlet, instead of remaining to fermeni and 
poison the atmosphere of the streets through which they pass. 
In Ihe raie cases of obslruclion which occur, the pipes are very 
readily cleansed by flushing, al a tithe of Ihe cosi of the constani \23[} 
hand-work required in brick sewers. 

For the first six or seven hundred feet at the head of a sewer, 
a six inch pipe will remove all of the house and streel drainage, 
even during a heavy rain fall; and if the mclmalion is rapid, (say 
6 inches lo 100 feet,) Ihe acceleration of the flow, caused parlly 
by the con slant additions to the water, pipes of this size may be 
used for considerably grealer distances. [I has been found by 
aclual Irial Ihat it is not necessary lo increase Ihe size of the pipe 
sewer in exaci proporlion lo Ihe amount of drainage thai il has to 
convey, as each addilion lo Ihe flow, where drainage is admitted 
from street openings or from houses, accelerates Ihe velocily of 
the curreni, pipes discharging even eighl limes as much when 
received at inlervals along Ihe line as they would take from a full 
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head at Ihe upper end of Ihe sewer. 

For a district inhiibited by 10,000 persons, a 12-inch pipe 
would afford n sufficient oullet* unless the amount of road 
drainage were unusually laige, iind for Ihe largesi sewers, pipes 
of more Ihan 1 8 inches diameler are rarely used, ihese doing Ihe 
work which» under Ihe old system, was alloled lo a sewer 6 feet 
high and 3 feet broad. 

Of course* the connections by which the drainage of roads 
is admitted to these sewers, must be provided wilh ample sill- 
basins, which require frequeni cleaning out. In Ihe construction 
of the sewers, man-holes, built to the surface, ars placed al suf- 
ficient inlervals, and at all points where Ihe course of Ihe sewer 
changes, so that a light placed al one of these may be seen from 
the next one; — Ihe contractor being required lo lay Ihe sewer so 
that the lighl may be thus seen, a straight line both of inclmation 
and direction is secured. 

The rules which regulale the laying of land-drains apply wilh 
equal force in ihe making of sewers, that is no part of the pipe 
[232] should be less perfect, either in material or construction, than 

that which lies above it; and where the inclination becomes less, 
in approaching the outlet, sill-basins should be employed, unless 
the decreased fall is still rapid. The essential poini of difference 
is, that while land drains may be of porous material, and should 
have open joints for the admission of waler, sewer pipes should 
be of impervious glazed earthen -ware, and iheir joints should be 
securely cemented, lo prevent ihe escape of the sewage, which it 
is their province to remove, not to distribute. Drains from houses, 
which need not be more than 3 or 4 inches in diameter, should 
be of Ihe same material, and should discharge with considerable 
inclination into Ihe pipes, being connected with a curving branch, 
directing the fluid towards the outlet. 

In laying a sewer, it is customary to insert a pipe with a branch 
opposite each house, or probable site of a house. 

It is important that, in towns not supplied with waterworks. 
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measures be taken to preveni the admission of loo much solid 
niiitler in the drainage of houses. Water being the motive power 
for Ihe removal of Ihe solid piirts of the sewage* unless there be 
ii public supply which can be turned on at pleiisiire, no house 
should deliver more solid ni alter than can be carried awiiy by its 
refuse waters. 

The drainage of houses is one of the chief objects of sewerage. 

In addition to the cases cited above of the model lodging 
houses in Lanibelh Square, and of the buildings at Weslniinsler, 
it may be well to refer to a remarkable epidemic which broke out 
in the MaplewocMd Young Ladies' Inslitute in Pittsfield* Mass.^ in 
1S64» which was of so violent and fatal a characler as lo elicil a 
special examination by a commitlee of physicians. The family 
consisted, (pupils, servants, and all,) of one hundred and twelve 
persons. Of lhese« fifty-one were allacked with well-defined 
typhoid fever during a period of less than three weeks. Of this [233] 
number Ihirteen died. The following is exiracled from the report 
of Ihe commillee; 

"Of the 74 resideni pupils heard from* 66 urs reporled as 
having had illness of some kind at Ihe close of the school or 
soon afler. Th is is a proporlion of 33/37 or nearly 90 per cent. 
Of Ihe same 74, fifly-one had lyphoid fever, or a proportion of 
nearly 69 per cent, [f all the people in the town, say 8000, had 
been affecled in an equal proportion, more Ihan 7000 would have 
been ill during these few weeks, and aboul 5500 of Ihem would 
have had typhoid fever, and of Ihese over 1375 would have died. 
If it would be a more just comparison to lake the whole family 
at Maplewood inio Ihe account, estimaling the number al 112, 
fifty -six had typhoid fever, or 50 per cenL, and of these fifty -six, 
sixteen died, or over 28.5 percent These proportions applied to 
the whole population of SOOO, would give 4O00 of typhoid fever 
in Ihe same lime; and of these I 140 would have died. According 
to the teslimony of the practising physicians of Pitlsfield, the 
number of cases of typhoid fever, during ihis period, aside from 
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Ihose affecled by the influences al Maplewood, was small^ some 
physicians not liaving had any, olhers hiid iwo or ihree." These 
cases amounled to but eight, none of which terminated falally. 

The whole secret of this case wiis proven to have been the 
retention of the ordure and wiiste matter from the kitchens and 
dorniilories in privies and vaulls, underneath or immediiilely 
adjoining the buildings, Ihe odor from these hiiving been of- 
fensively perceptible, and under cerlain atmospheric conditions, 
having pervaded Ihe whole house. 

The commillee say "it would be impossible to bring this re- 
port wilhin reasonable limits, were we to discuss the various 
queslions connected with the origin and propagation of typhoid 
fever, iillhough various Iheoretical views aie held as to whelher 
[234] the poison producing ihe disease is generaled in ihe bodies of ihe 

sick, and communicated from them to the well, or whether it is 
generated in sources exierior lo the bodies of fever patients, yet 
all authorities maintain Ihat a peculiar poison is concerned in ils 
production. 

"Those who hold to Ihe doclrme of conlagion admit Ihat, lo 
give such conlagion efficacy in the produclion of wide spread 
resulls, filth or decaying organic mailer is essential; while ihose 
who su slain the theory of n on -conlagion — the production of ihe 
poison from sources wilhout the bodies of the sick. — contend 
that it has ils enlire origin in such filth — in decomposing matter, 
especially in fermenting sewage, and decaying human excrela. 

"The injurious influence of decomposing azotised matter, in 
either predisposing to or exciting severe disease, and particu- 
larly typhoid fever, is universally admitted among high medical 
aulhorities/' 

Thecommitlee were of the opinion "Ihat the disease al Maple- 
wood essentially originated in the state of the privies and drainage 
of Ihe place; the high temper aliire, and olher peculiar atmospher- 
ic condilions developing, in the organic material Ihus exposed, 
a peculiar poison, which accLimulaled in sufficient qiianlily lo 
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pervade the whole premises, and operaled a 5ufficienl lenglh of 
time to produce disease in young and susceplible persons. ' 
■*■*** ■^ To prevent the poison of fyphoid fever when taken 
inio the system, from producing lis legitimate effecis, except by 
natural agencies, would require as positive a miracle as lo restore 
a severed head, or arrest the course of ihe heavenly bodies in 
their spheres. ■* ■* * The lesson for all, for Ihe future, is too 
obvious to ueed further pointing oul; and the coniniitlee cannot 
doubt that they woiiid hazard little in predicting Ihat the wisdom 
obtained by Ihis sad experience, will be of value in the future 
management of this institution^ and secure precautions which \2j5] 
will forever prevent the recurrence of such a calamity." 

The results of all sanitary investigation indicate clearly the 
vital necessity for the compiete and speedy removal from human 
habitations of all matters which* by their decomposilion, may 
tend to the produclion of disease, and eaily measures should be 
taken by the authorities of all towns, especially ihose which are 
at all compaclly built, to secure this removal. The means by 
which this is to be effected are to be found in such acombinalion 
of water-supply and sewerage, as will furnish a constant and 
copious supply of waler to dissolve or hold in suspension the 
whole of the waste matters, and will provide a channel ih rough 
which they may be carried away from the vicinity of residences. 
If means for the application of the sewage water lo agricultural 
lands can be provided, a part if not the whole of the cost of the 
works will be thus returned. 

Concerning the details of house drainage, it would be impos- 
sible lo say much wilhin the limits of this book. The construction 
of water-closels, soil-pipes, sinks, etc., are loo will be under slood 
to need a special descriplion here. 

The principal point, (aside from the use of pipes inslead of 
brick-sewers and brick house-drams,) is what is called in London 
the system of Back Drainage, where only principal mam lines 
of sewers are laid under the streets, all colleclmg sewers pass- 
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ing through ihe cenlres of Ihe blocks in the rear of tlie houses. 
Pipes for water supply are disposed in Ihe same maimer, as it 
is chiefly al the rears of houses thai water is required, and Ihat 
drainage is most necessary; and this adjustment saves the cost, 
the annoyance and Ihe loss of fall, which accompany Ihe use 
of pipes running under Ihe entire length of each house. Much 
tearing up of pavements, expensive ditching in hard road-wiiys, 
and interference with traffic is avoided, while very nnich less 
ditching and piping is necessary, and repairs are made with very 

[236] little annoyance to the occupants of houses. The accompanying 

diagrams, (Figs. 48-49,) illustrate the difference between the old 
system of drainage with brick sewers under the streets, and brick 
drains nnder the houses, and pipe sewers under main streets and 
through the back yards of premises. A measurement of these 
two methods will show that the lengths of the drains in the new 
system, are to those of the old, as 1 to 2-1/4; — the fall of the 
house drains, (these having much less length,) won id be 10 times 
more in the one case than in the other; — the main sewers would 
have twice the fall, their area would be only 1/30], and their 
cubic contents only 1/73. 

Experience in England has shown that if the whole cost of 
water supply and pipe sewers is, with its interest, divided over a 
period of thirty years, — so that at the end of that time it should all 
be repaid, — the annual charge would not be greater than the cost 

[2371 of keeping house-drains and cess-pools pools clean. The General 

Board of Health state that "the expense of cleansing the brick, 
house-drains and cess-pools for four or five years, would pay the 
expense of properly constrncted water-closets and pipe-drains, 
for the greater number of old premises/' 

One of the reports of this body, which has added more than any 

other organization to the world's knowledge on these subjects, 
cioses with the following: 

"Conclusions obtained as to house drainage, and the sewerage 
and cleansing of the sites of towns." 
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Fig. 48 - OLD STYLE HOUSE DRAINAGE AND 
SEWERAGE. 




F[g. 49 -MODERN HOUSE DRAINAGE AND SEWERAGE. 
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"Thiit no populalion living amidst impuritie?, arising from the 
pulrid emanations from cess-pools» drains and sewers of deposit, 
ciin be heallhy or free from the atliicks of devastating epidemic s. 

[238] "That as a primary condition of salubrity, no ordure and town 

refuse can be permitted to remain benealh or near habitations. 

"That by no means can remedial operations be so convenienl- 
ly» economically* inoffensively, and quickly effected as by ihe 
removal of all such refuse dissolved or suspended in water. 

"That it has been subsequently proved by ihe operation of 
draining houses with tubular drains, in upwards of 19,000 cases, 
and by the trial of more than 200 miles of pipe sewers* ihal ihe 
praclice of constructing large brick or slone sewers for general 
town drainage* which detain matters passing into them in sus- 
pension in waler, which accumulate deposit* and which are made 
laige enough for men to enler Ihem, and remove the deposit 
by hand labor, without reference lo the area lo be drained, has 
been in ignorance* neglect or perversion of Ihe above recited 
principles. 

"That while sewers so constriicled are productive of great in- 
jury to the public heallh* by the diffusion into houses and sireels 
of the noxious products of the decomposing matters contained 
in Ihem, Ihey are wasteful from the increased expense of their 
conslruclion and repair, and from the cost of ineffectual efforls 
to keep Ihem free from deposiL 

"That the house-drains, made as they have heretofore been, 
of absorbent brick or stone* besides detaining substances in sus- 
pension* accumulaling foul deposit, and being so permeable as 
to permit Ihe escape of the liquid and gaseous matlers, are also 
false in principle and wasteful in the expense of conslruclion, 
cleansing and repair. 

"That it results from the experience developed in these in- 
quiries, that improved tubular house-drains and sewers of the 
proper sizes* Inclinalions, and material, delain and accumulale 
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no deposit, emit no offensive smells, and require no additional 
supplies of Wilier lo keep ihem clear. [2391 

"That the offensive smells proceeding from any works intend- 
ed for house or town drainage, indicate the fact of the detention 
iind decomposition of ordure, and iifford decisive evidence of 
mil I -con struct ion or of ignorant or defective arrangemenl. 

"That the method of removing refuse in suspension in wiiter by 
properly combined works, is much better than thai of collecting 
it in pils or ces^-pools near or underneath houses, emptying it by 
hand labor, and removing il by calls. 

"That it is importani for the sake of economy, as well as for 
the health of the population, Ihat the praclice of the removal of 
refuse in suspension in water, and by combined works, should 
be applied lo all houses, especiallv Ihose occupied by the poorer 
classes." 

Later investigations ofthe subject have established I wo general 
conclusions applicable to the subject, namely, that: 

"In lowns alt offensive smells from the decomposilion ofam- 
mat and vegetable matter, indicate ihe generation and presence 
of I he causes uj insatfibrity and of preventable disease, at the 
same time that they prove defective local administration; and 
correlalively, thai: 

"!n lura! districts alt continuous offensive smelts from ani- 
mal and vegetable decomposition^ indicate preventable loss of 
fertilizing matter, loss of money, and bad husbandry." 

The principles herein set forth, whether relating to sanilary 
improvement, to convenience and decency of living, or lo the use 
of waste matters of houses in agricultural improve men I, are no 
less applicable in America than elsewhere; and ihe more general 
adoption of improved house drainage and sewerage, and of the 
use of sewage matters in agriculture, would add to Ihe heallh and 
prosperity of its people, and would indicate a great advance in 
civilization. 
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